Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



I 



I 



^/^iiAB^^"' 



3l8t Congress, [HO. OF REPS.] Ex. Do€. 

l9i Session. No. 69. 



GEOliOaiCAL REPORT ON THE CpPfER I^ANDS OP LAKE SUPERIOR LAND 

DISTRICT, MICHIGAN. CJ^ j ^ U y^^ 



, _ ., ,_ 

LETTEft ' I ""^ ^ 

,i • * 

THE SECRETARY OFTHE INTERIOR, 

ENC|:.0SIVG 



FROM 



• \ 



The geological report ofi the ^copper lands of Lake Superior land district^ 

Michigan, 



May 16, 1830. 

Referred to the Committee on Public Lands, and ordered to be printed. 

June 14, 1850. 

10,000 copies extra ordered to be printed. 



Department op the Interior, 

Washington^ April 2^ ^ 1850, 

Sir: 1 have the honor to communicate, herewith, a letter from the 
Ofcmmissioner of the General Land Office, transmitting the report of 
Messrs. Foster and Whitney, United States geologists,..on the copper lands 
6f the Lake Superior laijkd district, Michigan. 

I have the honor to be. very respectfully, your obedient servant, 

T. EWENIi, Secretary. 
Hon. Howell Cobb/ 

Speaker of the House of Representatives. ' 



GifiNERAL Land Ofpice, April 26, 1860. 

Sir: I have the honor to communicate, herewith, a report from Messrs. 
Foster and Whitney, United States geologists, on the "copper lands" of 
the Lake Superior land district, in 'Michigan, accompanied by a number 
of views of the principal features of that interesting region, with diagrams 
of the mines, &c., illustrating the work. There is, also, accompanying 
this report, a fac-^mile of a map of Lake Superior and the adjacent re- 
gions, made by the Jesuit missiojiaries in 1670 and 1671, and published 
at Paris in 1672. 

This report contains a vast fpn&pf valuable information, and the|)ub- 

lication of it will be an important a(MBlBifl4f^he caiise of science. It 

' would have been communicated with my annual report, but the time 

since those gentlemen were appointed was too short to enabigflhem to 
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prepare it in season. It is now submiited as supplementary to that report, 
and I respectfully request that it may be so communicated to Congress. 
With much respect, your obedient servant, 

J. BUTTERPIELD, Commissimer. 
Hoiu Thomas Ewing, 
' Secretary of the Interior. 



Boston y ApfHl 15, 1850. 

Sir: We herewith present to you a report on the ^'copper lands" of th< 
Lake Superior land district. When It is considered that this district em 
braces an area of more than sixteen thousand square miles; that nearly tli< 
whole of that area is an unbroken wilderness; that we were required t( 
explore considerable portions of it with sufficient minuteness to designati 
the character of each quarter section; and that, in the accomplishment o 
this object, our camp equipage and provisions, and even our canoes, won 
carried for long distances on the backs of men ; and that the limited stat< 
of our supplies often compelled us to press on without regard to weather- 
under these circumstances, we trust we shall be pardoned if it be fouac 
that we have fallen into minor errors, or hastily passed some points whicl 
were deserving of a more nainute examination. In the delineation of t]^i 
main features of the region, we trust that this report will be found correct. 

With sincere thanks for the aid afFordejl us in the prosecution of ihesi 
researches by several of the officers attached to the bureau over whicl 
you preside, we subscribe ourselves, 

Sir, with great respect, your most obedient servants, 

J. W. FOSTER, 
J. D. WHIl^EY, 

United States Geologists. 

To Hon. Jfstin Butterfield, 

Commissioner of the General iMnd Office. 
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THE LAKE SUPERIOR LAND DISTRICT, 
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THB STATE OF MICHIGAN. 



INTRODUCTION. 



JRstorical sketch. — BtiymlHmUandJagiees^sv&j/agBtoSa^ Ste. Marie.^^^ 
Bene Me$nard. tieiCs Lake Superinr, — AUoiiez follows. — Da6lon and 
Marqtieite fellmif. — ^ Grand QmncU.-^^Mapquette proceeds to Green 
Bay. — Discovers tlve Mississippi. — His death. — AlloUez^s death. -^Bariy 
map of this region. — Efffict of the Missionary labors on t/ie Indians. — 
Travels, of I&nnepiji.; Charlewis: ; Henry ; Mackenzie. — ExpeditUfn 
of General Cass ; of Sclwolcraft ; of Maj. Long.'—'Dr. HougJiton ; his 
iaborsanddeath. — The treaties by which this district taas ceded.* — The 
several a/ds of the govttnment in reference thereto. — The act autlwrizing 
the svrvey. — Its organization. 

The fifst steps: towards the exploration of the country bordering on tha 
.great chain of North American lakes were taken by the Jesuits of Canadli, 
iDore than two centuries ago, under the auspices of Count Prontenac, 
then governor general of that region. 

On the 7th of September, 1641, Chwles Raymbault and Isaac Jognes, 
two missionaries of the order of Jesns — an order whosn memorials are to 
be feund in every quarter of the habitable earth — ^accompanied by several 
Hlirons, left the bay of Pentanguishene in a bark canoe for Saut Ste. 
IKt^e. At the head of diis bay they had established a mission. It 
, formed, at that time, the western terminus of the travelled route between. 
Montreal and Lake Huron, by way of the Ottawa river and Lake Simeoe^ 
and fer yeairs afterwards, while the power of Fiance in the^ Northwest re- 
mained in the ascendant, constituted an important link in a chain of posts 
e&tetndttig felt more thaii two thousand miles. 

Th^Totti^ of Raymbault and Jogues lay through the Geoi^n bay,'8iid 
thence among the countless islands that stud the channel of the St. Mary's 
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river. After a voyage of serenteen days they arrived at the falls (Saut,) 
where they found. an Indian village with a population of twd thousana 
souls. The abundance of white fish, and'the facilities for capturing them 
in the foaming rapids, have made ftiis th^ chosen resort of the Chippewas 
for centuries. The chiefe received them kindly and invited them to 
dwell in. their midst. "We will embrace you as brothers/' they said^ 
''and profit by your^ words." 

They here learned of the existence of a lake still beyond, called by the 
Indians Kitchi-gummi, (Big lake,) surpassing in magnitude either Huron 
or Michigan, then called Illinois, beyond whose western limits was a 
country destitute of trees, but covered with grassy plains, through which 
roamed herds of buflialo and deer. 

Here dwelt the Sioux or Naidouessi, a race at once warlike and indom- 
itable. At that day a feud existed between the two tribes, wliich has 
been perpetuated to the present time. 

Late in the Season Raymbault returned to Pentanguishene yith the in- 
tention of revisiting the Saut in the succeeding spring, and estabUshing 
there a permanent mission; but consumption, brought on by repeated ex- 
posures and privations, was fast hurrying him to the grave. The follow- 
ing year he returned with Jog\ies to Quebec, where he died October 22^ 
liB42. Father Jogues started to return, but in ascending the St. Lawrence 
was captured by the Mohawks, a predatory band infesting the shores and 
tributaries of Lake Erie. After having been subjected to the most igno- 
minious treatment, himself scourged, and his Huron attendants committed 
to the flames, he was ultimately ransomed .by the Dutch in the vicinity of 
Albany. He revisited France, but soon returned to the scene of his la- 
bors with a spirit unabated and a zeal unquenched. 

-Rene Mesnard followed in the track of Raymbault. On the 28th of 
August, 1660, he left Quebec, taking with him a scanty stock of neces- 
saries j ^^ for I trust," said he, ^' in that Providence which feeds the little 
birds of the air, and clothes the wild flowers of the desert." He was 
past the meridian of life, but possessed all the zeal of youth. He went 
forth with the presentiment that he was perfdrming his last jourhey,'for,. 
itf writing back to a friend, he remarked: ^^ In three or fouV months you 
may add my name to the memento of deaths." Having arrived at the 
Saut, he proceeded to coast along the southern shore in a canoe, and on 
the 15th of October reached the head of Keweenaw bay, which he 
named St. Theresa — the day of his arrival being the anniversary day of 
that patron saint. Here he remained until the following spring, when'he 
left, accompanied by a single Indian, for Ohaquamegon bay, near the 
head of the lake. They took the route through Portage lake; and while 
the voyageur was conveyiiag the canoe across the portage, the good Father 
wandered iiito the woods, and no trace of him was afterwards obtained. 
This happened August 20, 1661. The world applauds the heroism of 
Columbus who launched out upon a trackless ocean in search of a new 
tworld. The humble missionary who, committing himsfelf to the guidance 
<if savage attendants, voyaged for days with a boundlesfe waste of waters 
on one side> and on the othet an unbroken wilderness, showed a degree 
of ^courage and enthusiasm which has rarely been tirftlted, and which 
ought to rescue his name from oblivion. 

Claude AUoiiez followed in his footsteps. On the'Stli of August, 1680^ 
: he-embarked at Three Rivers^ accompanied by four hundyM Indians,, 



-vrho were on dieir return from Quebec. In the beginning of September 
he arrived at the Saut, and entered Lake Superior, ^^which," said the 
good missionary, ^^shall henceforth bear the name of M. do Tracy, in 
token of the obligations the people of this region are under to him;" and 
this is the name applied to it on the earliest map* 

^'The savages," he continues, ^'respect this lake as a divinity, and offer 
sacrifices to it because of its size, for it is two hundred leagues long and 
eighty broad, and also in consequence of its furnishing them with fish, 
upon which all the natives livd when hunting is scarce in these quarters. 
* # # ji; happens frequently that pieces *of copper are found, weigliing 
firom ten to twenty pounds. I have seen several such pieces in the 
hands of savages; and since they are very superstitious, they esteem 
them as divinities, or as presents given to them to promote their happi- 
ness by the gods who dwell beneath the water. For this reason they, 
preserve these pieces of copper wrapped up with their most precious 
articles. In some families they have been kept for more than fifty years; 
in others, they have descended from time out of mind — being cherished 
as domestic gods. 

"For some time there was seen near the shore a large rock of copper 
with its top rising above, the water, wlxichgave an opportunity to those 
passing by to cut pieces from it; but when I passed that vicinity it had 
disappeared. I believe that the gales which are here frequent, like those 
ef the sea, had covered it with sand. Our savages tried to pursuade me 
that it was a divinity who bad disappeared; but for what cause they were 
unwilling to tell."* He passed the bay called by Father Mesnard St* 
Theresa, where he met "two Christian women, ,v/itnesses of his (Mes- 
nard's) labors, who had preserved their faith, and sparkled like: two stars 
in the midst of the darkness of infidelity. Having refreshed their memo- 
ries with our mysteries, we proceeded oii. After having travelled ,0Be 
hundred and eighty leagues along the border of the lake, on the southern 
side,'where the Lord hath often , tried our patience by means of gales, 
famine, and fatigue, both day and night" — -many a poor voyageur has 
since uttered the same complaints — ^" we landed on the 1st of October at 
Chaquamegon." This is the old La Pbinte of the voyageurs. He de- 
scribes it as a beautiful bay, on whose margin dwelt numerous savages: 
their Avarriors amounting to eight hundred. Here he paused in his wan- 
derings, erected a chapel, and commenced the work of winning the 
savages ito the standard of the cross. He found that the Chippewas were 
meditating a warlike expedition against their ancient enemies,, the Sioux. 
He was permitted to advise, and succeeded in diverting them from the 
enterprise. Here he dwelt for two years. His fame reached the sur- 
rounding tribes, who gathered around to satisfy their curiosity and. receive 
the benefit of his instruQtion. During this period he visited Fond-du-Lac, 
where he met with some of the §ioux, who informed him of a country 
to the west abounding in prairies, over which roamed the buffalo, and 
that there was a great river called Messepi, ^Mississippi,) whose^ banks 
were iiihabited by the beaver. He extended also his mission among the 
Nipissiriniens, on the north shore of the lake. « ' 

In the fall of 1667 he returned to Gluebec to procure aid in establishing 
missions in the Northwest; and such was his ardor, that in tvo days ^fter 
his arrival he was on his*way back to his forest home. 

*CUarle<roix, in his Travels, has appropriated almost verbatim AUoii'^zi'a description. 
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In 1668 Cliude Dablon and James Marquette proceeded to'Saiit Ste. 
Marie for the purpose of estg^blishing a permanent mission. Of the per- 
ison^l history of the former iittle is known, but the latter was in the prime 
of life, highly educiated, and' fitted to adorn the court of Louis; but he 
sacrificed all of these advaiitages, and passed his life' among a race com- 
paratively low in the scale of intellectual oi^alilzation. Prom this period 
Saut Ste. Marie dates its settlement; and it .is therefore^ as Bancroft re- 
marks, the oldest within the limits of the State of Michigan. 

The following year Marquette succeeded Alloiiez at La Pointe, and the 
latter removed to Green Bay. 

In May, 1671, a grand council assembled at Saut Ste. Marie. The 
chiefs from fourteen of the tribes of the Northwest and the soldiers of 
Prance sat in council together. Mr. Tallon, then governor general of 
New Prance, had sent there Monsieur de St. Lusson to take possession, 
in the name of his Majesty, of all lands lying between the east and wesf, 
and from Montreal to the South sea, as far as it could be done. When 
assembled, the ambassador selected a hill atbove the village, planted the 
cross, and raised the arms of the King. The cross was first blessed with 
all the ceremonies of the Church by the Superior of the missions; and 
while it was being raised, the Vexilla was chanted by the assembled 
J?\enqhmen, to the g^reat admiration of th^ savages. The shield of Prance 
Was suspended from a cedar post above the cross while they were chant- 
ing ^he tlxaitdiaty and prayers were offered for the sacred person of his 
.Majesty. St. Lusson formally took possession of the lands; after 'xdiich 
guns were discharged, and other manifestations of joy exhibited. Father 
Alloiiez was present, mindful of the interests of his divine as well as tem- 
poral master.* The same year Marquette removed to St. Ignace, north of 
'Mackinac. Here he built a chapel, and gathered about him the wander- 
ing Hurons. Marquette and Dablon made numerous excursions to the 
tribes \thich dwelt in the territory now embraced in northern Illinois and 
eastern Wisconsin. Marquette, like •Alloiiez, had heard marvellous ac- 
counts of the region beyond the Great Lake, and longed to explore it; but 
it was not until the year 1673 that he was* enabled to carry his project 
into execution. His route lay up the Fox river, through Lake Winne- 



•Alloiiez pronounced the following panegyrie on the King, which is worthy of being pre- 
served: 

"It IS a moat important affair which calls us together. Cast your eyes on that cross, which is so 
hi^h above your heads. "T^s there where the Son of God was willing to be attached and to die, 
' in order to satisfy His eternal Father for your sins. He is the- master of our lives, and also of 
heaven, and etkrth,,and hell. It is l^e of whom I have so often spoken, and whose name and 
word I have borne into these distant lands. But, at the same time, look upon that other column, 
to which are attached the arms of that great chief of France, whom we call King. He lives be- 
yond the 8ea. He is the chief of chiefs, and has not his like hi the world. All thechiefs whom 
you have seen, and of whoni you have heai:d,^re but childrea compared with him. He is like 
a great tree, while they are mere shrubs which we tread upon. You know Onnontio, (governor 
' general,) the renowned chief of Cluebec. You know that he is the terror of thp Iroquois, and 
' that his name is suiiicient to make them tremble, since he has^desoleted theit lands, and carried 
. iire among their settlements. Ther^ are beyond the sea ten ihf^usand OnnjMtios l*ke himy who 
are but warriors of that great chief, our King, of whom I speak. When he says ^t go to war,' 
everybody obeys, afd these ten thousand chiefs raise bands of warriors both for the land and for 
^ the sea. Some embark in' ships, like th^se you have se^ at duebec. ' Your canoe wilh bold 
but four or fiye. men-^twiBlye to the uttnost. 0ttr tesselff t»rry fburand fiv« 'bmdred, and even 
a thousand. Another portion go to war on land^ biU in suck numbers that, when arranged in 
double ranks, they would reach to Mississaquenk, which is twenty leagues from here. When 
he attacks, he is more fearful than thunder. The earth trtmbles, and the air and the sea are on 



tago, and thence down the Wisconsin into the Mississippi. In this e^- 
peditiori he was accompanied by Jpylet, a courtier of Prance. They de- 
scended the mighty current as far as Ariransas, and then turned hack, 
T%ey represented that they were hospitably entertained by the Illinois, 
who dwelt upon its batiks, while by other tribes they were repulsed. 

This relation of the voyage of Marquette was not published until some 
time after his death, and by some it is regarded as fabulous; but Bancroft 
is disposed tp adopt it as 'worthy of entire credence. 

Late in the se^On the voyageurs reached Chicago. Joy let hastened to 
^ttebec to announce the results of their discoveries, while Marquette re- 
mained to plant the standard of the cross among the Miamies. 

The raatiBer of his death is thus narrated by Bancroft: '^In sailing 
ttom Chicago to 'Mackinac during the following spring, he entered a little 
river inM[ichigan. Erecting an altar, he said mass after the rites of the 
•Oatbolic chutch; then, begging the men who conducted his canoe to 
deave httn alone for half an hour, 

« * In the r'arkling woo^l, 

Amid the cool aod silence, he knelt down, 
And offered to the Mi^htieat soiemn tbankii, 
And supplication.' . 

At the end of half an hour they went to seek him, and he was no more. 
*The good niissk>itary, discovefer of a world, had fallen asleep on the 
margin of a stream that bears his name. Near the'rnduth^ the voyageui^ 
-dug his gca^m in the saiad.'!* This event happened May 16, 1675. 

Allouez died soon after in theii^idst of his labors atnong the Miamies. 

The Jesuits made a map of this region as earty as 1669, which was 
published in 1672. We suspect that it is the work of Alloiiez and Mar- 
euette, but it bears no name. Dablon iJius speaks of it: ^^It was got up 
*by two Fathers, very intelligent and observing, who did not wish to in- 
•corporate anything except, what they bad seen With their, own eyes. 
Th^t is the reason why they have only inserted the upper part of Lakes 
Huron and Illinois, although they have coasted ihuch on both." 

When it is oonsideied that/these men were not engineers, and that to 
note the geographical features of tlie country formed no part of their re- 
'^uirements, this map may,. \for that age, be regarded as a remarkable 
production, although points occasionally are laid down half a degree 
irom their true position. The whole coast, sixteen hundred miles in ex- 
tent, as well as the islands, were explored. Even Caribou, a low island 
.in the midst of the lake, and not visible except within a few leagues, did 

jaot escape their observation. 

» I 1 1 ■■ I ■ I ■■ • I I. .1 , ■ ■ ■ . I ■ ■■ 

fire from the discWar^ of his cannon. He has been seen in the midst of h?s squadroni? covered 
with the blood of his enemies; so many of whom has he pat to the sword, that he docs not 
number -theif scaips, but merely;' the rivers of blood which he has caused to flow. He carries 
mch a number of capLivos with him that he does not value them, but lets tKem go where, they 
please, to show that he does not fear them. Nobody dare make war on him. Ail nations be- 
yond the sea have sued 'for peace with G^reat submission. They come from every quarter of the 
■ gtobe CQ Hsten to him* and admiie him. It is he who decides upon the stairs of the world. 
What shall I say of his richjB&^ You think yourselves very rich when you have ten or twelve sacks 
of conii and hatchets, and kettles, and other things of the kind. He has more cities than you 
liave men, wihieh- are scattered over a space of more than five hundred leagues. In each city 
llltre are fbopa ioontaimagf hfttcfa^ta enouigh to cut all your wood, kettles enough to cook aPyour 
eiuribou,.M4 AM^r enough to fill all your w^wams. His house extends further than from 
Ikttt to the Saut', is higher than the tallest of your trees, and contains more people than he 
ilitigest of your settlenientB ever contained. ** 

*ni«t6ry of eke Tilted States, volume I. 



10 Doc. No. 69. 

/ 

Alloiiez; Marquette^ and Jogues were remarkable men^ and; had tbenr 
lots been cast in a different sphere., they would have left a paore durable 
impress upon the age in whjch they lived. Their efforts to win the tribes 
of the Northwest to the standard of the cross, prosecuted with great zeal, 
and under circumstances of privation and suffering, may be regarded as 
abortive, • 

There is something impressive in the rites of the Catholic church*—* 
something in its mysteries calculated to overawe the wild mea of the 
woods. So long as the missionary was in their midst and superintended 
their labors, they yielded to his guidance and adopted his recommenda- 
tions, so far at least as conduced to their comfort; but when he withdrew,' 
with equal facility they glided into their former habits. The superstruc- 
ture raised with so much care fell to the ground tbe moment the sus- 
taining hand was withdrawn. The effect of the contact of the two races 
has been tq afford the Indian additional incentives to vice, while his in- 
tellectual and moral elevation has been little advanced; and at this day, 
it cannot be said that he stands higher in the scale of civihzation than 
when first known by the white man. 

Such knowledge as we possess with regard to the early discoveries in 
the !P(orthwest is derived from the /^Relations de ce que s'est passe de 
plus remarquable aux Missions des peres de la compaguie de Jesus en la 
Nouvelle France." They are comprised in many vxjlumes, tx> be found 
in the library of Har\^ard College. »i . 

The occurrence of native copper naturally excited the wonder of the 
first voyageurs, and the references to ^t are numerous. The first mention 
is made in the Relation for 1659-'60. An Indian, named Awatanick, 
who had passed from Green Bay to Lake Superior the year previously, 
reported ^'that its borders were emiched with lead mines, and copper of 
such excellent quality that it is already reduced in pieces as large as' the 
fist. There may also be seen rocks which contain large veins of tur^ 
quoise," (green silicate of copper.) 

The relator adds that he has heard of the existence of gold on St. 
Joseph's island, and that the rivers of Lake Superior bring down grains- 
of gold. . . ^ 

Another relator states that diamonds occur on sbriie of the islands at 
the foot of Green Bay. 

In the Relation for 1669-'70, Father Dablon says: *<We have learned 
from the savages some secrets which they did not wish at first to commu- 
nicate, so that we were obliged to use some artifice. We do not, how- 
ever, vouch for everything contained in the tbllo wing account. After 
entering the lake, the first place met with containing copper is an island 
about forty or fifty leagues from the Saut, towards the north shore, oppo- 
site a place called Missipicooatong, (Michipicoten.) The savages relate 
that it is a floating island, being sometimes near and at others afar off. A 
long time ago four savages landed there, having lost their way in a fog^ 
with which the island is frequently surrounded. It was previous to their 
acquaintance with the French, and they knew nothing of the use of ket- 
tles and hatchets. In cooking their meals, $is is usual among the sava- 
ges, by heating stones and casting them into a birch-bark pail containing 
water, they found that they were almost all copper. After having com- 
pleted their meal, they hastened to re-embaik, for they w^re afi'aid of the 
lynxes and hares, which here .grow to the siz^of dogs. They took with 
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them copper stones and plates, but had hardly left the shore before they 
heard a load voice exclaiming in an angry tone, *Who are the thieves 
that cairy off the cradles and the toys of my children?'^ They were 
verv much surprised at the sound, not knowing whence it came. One 
said it was the thunde^; another that it was a certain goblin called Missi- 
bizi, the spirit of the waters, like Neptune among the heathen; another 
that it came from the Memogovissioois, who are marine men, living con- 
stantly under the water, like the Tritons an(|||Syrens, having long hair, 
leaching to the waist; and one of the savages asserted that he had ac- 
tually seen such a being. At any rate, this extraordinary voice produced 
such fear that one of them died before landing; shortly after, two others 
died, and one alone reached home, who, after having related what had 
happened, also died. Since that time, the savages have not dared to 
visit the island, or even to steer in that direction." • The Father attempts 
to explain this superstition by supposing that they were poisoned by using 
the copper boulders in cooking their meat, and that the supernatural voice 
was an echo of their own, and that the vanishing and reappearance of 
the island was due to fogs and haze which hang about it. He concludes 
by adding that it is a common belief among the savages that the island 
contains an abundance of copper, but that no one dare approach it. 

'^Pushing along to Le Grand Anse, (Neepigon bay,) we come to an > 
island called ^Thunder island,' which is noted for its abundance of 
metal. (This is probably St. Ignace.) Further to the west is. au island 
called Menong, (Isle Royale,) celebrated for its copper. It is large, being 
twenty-five leagues long and seven leagues distant from the main land. 
One bay at the northeast extremity is particularly remarkable. It is bound- 
ed by steep cliffs of clay, in which there may be seen several strata or 
beds of red copper separated from each other by layers of earth. In the 
water is seen copper sand, which maybe gathered with spoons, although 
there are pieces as large as acorns. This large island is surrounded by 
several smaller ones, some of which are said to consist entirely of copper. 
One, especially, near the northeast comer, is within gunshot of the main 
island. Further off in that direction is one called Manitou-minis, on ac- 
count of the abundance of copper. It is said by those who have visited 
it, that on a stone being thrown against it, a sound lilce that of brass 
when struck is heard. 

** After having reached the extremity of the lake, there may be seen 
(one day's journey) on the south shore, by the water's edge, a mass of 
copper weighing 600 or 700 lbs., so hard that steel cannot cut it; but 
when heated it may be cut like lead." 

On one oi the islands near Chaquamegon bay, he relates that copper 
rocks and plates are found, and that he bought of the savages a plate of 
pore copper two and a half feet square, weighing more than 100 lbs. He 
supposes that they have been derived from Menong, and that their trans- 
port has been effected either by floating ice or by powerful winds from the 
northeast, which have rolled them along the bottom of the lake. 

He mentions the fact that the Ottawa squaws, in digging holes in the 
sand to hide their corn, often find masses weighing 2U or 30 lbs. ^^Near 
the river Nantonagon (Ontonagon) may be seen a bluff, from whiph 
stones of red copper fall down into the water. Three years since we were 
presented with a piece from that locality weighing 100 lbs. We have ctit 
some pieces from it, and sent them to Talon , at Quebec. The savages do 
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not all agre^ as to the place whence it is. derived. Some say thAt it is 
where the river begins; others, that it is close to the lake, in the clay; and 

V others, at the forks, and along the eastern branch of Ihfe river. 

^'Further on is found the long spit, (Keweenaw Point,) which we have 

. compared to the arrow of the bow. At its extremiry is an island six feet 
square, which is said to be entirely of copper. Finally, to complete this 
survey of the Great Lak^ we would add, that it is stated that miaes of 

' the said metal are found Tn several places to the souih. All these cir- 
cumstances, together with others which it is not necessary to mention, are 
deserving of an attentive examination. We would alsjo mention an oxide 
of copper, which is* said to come from the crevices of certain rocks, (Pic- 
tured Rocks,) and the occurrence of certain pebbles along the shore, 
which are somewhat soft and of an agreeable green color. If God pros- 
pers our undertaking we shall speak about it next year with more kiiowl- 
edge and certitude.*' 

Hennepin and L'Honian passed through the lower lakes, but did not 
enter Lake Superior. 

Charlevoix, whose voyage was published at Paris in 1T44, passed 
through the great chajn, and his observations are well worthy of perusal. 
He mentions that pieces of copper occur on the islands of Lake Superior, 
and that he knew a brother of the order, a goldsmith by trade, who, 
while on amission at Saut Ste. Marie, had made chandeliers, crosses, and 
censors of it. 

Shortly before the treaty of Parijs, in 1763, by which the whole of this 
territory was ceded to the British Crown, Alexander Henry, an Ejaglish- 
man, visited Mackinac for the purposes of trade. At that time the 
Indians regarded the English as intruders^ and entertained towards them 
hostile feelings, llenry was among the few who escaped the massacre at 
old Port Mackinac, and owed the preservation of his life to the offices of 
a friendly Indian, who contrived to convey him to the northern shore of 
Michigan, Avhence he made bis way to Sant Ste. Marie. In 1771 he su- 
perintended a mining enterprise in the vicinity of the forks, of the Onton- 
agon river, near the site of the copper rjock. 

Their workings were prosecuted in the clay bluffs which line the banks 
of the streain, and the miners during the winter perforated the hill to the 
distance of forty feet. Having neglected to secure their work with sup- 

Sorts, on the approach of spring the earth caved in'' and destroyed their 
rift. A boat-load of provisions wias sent to the miners from the Saut^ 
but, much lo the surprise of Henry, when it returned oh the 20th of June, 
he found the whole pstablishraent of miners aboard. It is not surprising 
that.explorations so ill-directed and visionary should prove abortive; and 
yet the miners represented that, in the progress of the work, they frequent- 
ly met with considerable masses of native copper, arid believed that they 
would ultimately have reached a large body of that metal. 

In the month of August, 1772, the mining force was transferred to a 
vein on the north shore. Little was done during the winter, but before 
the close of autunin the miners Jiad penetrated thirty feet into the solid 
rock. The vein, which at the beginning was four feet in breadthj had,^ 
in the bottom of the shaft, contracted to four inches. .Under these dis- 
Cour2^i''»g circumstances, further mining operations wore abandoned. 
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.Henry concludes, from the results of hi? unsuccessful experiment in 
mtmng, fhs^t the copper can neyer be profitably mined, except for local 
consumption, and that the country must be cultivated an& peopled before, 
this cap lake place. He remarks;k,it .\v5as in the hopes of finding silver ir^ 
suflfcient abundance to make the speculation profitable, that the worlcs 
were cqmmenced. He speaks of the discovery of this metal in only one_ 

Elace, Pointe aux Iroquois, where, according to his authority, .a Mr^ Nor- : 
uig, a Russian gentleman, acquainted with metals, discovered a blue ' 
stone of eight pounds' weight, w:hich was sent to England and found to [ 
contain sixty per cent, of silver. 

None of the early explorers seem to have noticed the existence of metal- 
lic silver associated with the copper, although we know that, among the 
numerous masses of copper which have been picked up on the shores of 
the lake, some have contained a considerable quantity of silver interspersed 
through them. / 

In 1819, General Cass, under the authority of the Secretary of Waf, 
directed an exploring expedition, ^^hich passed along the smnhern shore 
of Lake Superior, and crossed over to the Mississippi. This expedition 
had among its principalobjects that of investigating the northwestern copper 
mines, and was accompanied by Mr. H. R. Schoolcraft, in the capacity of 
mineralogist and geologist. His observations are recorded in his '^Narra- 
tive Johrnal of Travels from Detroit northwest, &c.,'' published in 1821. 

In the spring of 1823, Major Longj acting under the orders of tjie War De- 
partment, andaccompanied by several scientific gentlemen , started on an ex- 
pedition, the object of which was. to explore the river St. Peter's and the 
' country situated on: the northern boundary of the United States, between 
the Red river of Hudson's bay and Lake Superior. In returning, they 
coasted along the north shore of this lake. Professor Keating, in his nar- 
ration of the expedition, remarks that they had seen native copper (boul- 
ders) strewed in many directions over the great valley drained by 'the 
Mississippi and its tributaries. 

All the early explorers seem to agree in the opinion, that it deposites of 
copper should be discovered in this region, yet, so great is its distance 
from a naacket, and so wild and unsettled the character of the countiy, 
that there would be no hope of their being profitably worked — at least 
for many years to come. 

The attention of the government was called to the mineral resources of 
the Iforthwes^during the presidency of the eldeY Adams, and^ commis- 
sioa was. instituted with the view of exploring this region; but we have 
been unable to ascertain why nothing further was done in this matter. 

Such was the state of things up to the time when Dr. Douglass Hough- 
ton, State geologist of Michigan, in the prosecution of his labors, cona- 
menoed th^ exiploiation of the northern peninsula, and by his official re- 
ports awakened. attention to this distant region. In his amiual repprt,.pre- 
seotcd tothe legislature of Michigan, February 1 , 1841 , the great features pf 
thetcountrjr., were. sketched with a masterly hand, and the first definite iii- 
foraiation with regard to the occurrence of the deposites of na^tive CQppier; 
in the 'jocks was laid before the ;world. After this preliminary tecfonlnais- 
sance of the country. Dr. Houghton entelred into a contract with the 
United States ^avernment to execute the linear survey of the northern 
peninsula in. connexion with a geological survey, according* to the system 
devised by him in connexion witii Wm. A. Burf, esq. Df ,' Hpughtqa 
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had, ill the prosecution of the State geological survey over the extensive 
territory of the southern peninsula, found how. great an amount of labor 
and how large a corps of geologists would be required,, were tha whole 
ground to be gone over by the geological parties, and had availed him- 
self of all the information which could be obtained from the Unear sur- 
veyors who had directed the United States surveys in various sections of 
the State. He had engaged them to notice the rocks which they should 
erpss with thteir lines, and, if practicable, to procure specimens of them, 
so that he might thus obtain a general idea of a region which he 43tad 
neither time nor means to explore fully himself. In the course of these 
inquiries he received a great amount of valuable information, especially 
from Mr. Burt; and he was thus led gradually to the idea of adopting a 
system which should connect the two surveys, so that they might be 
executed under the authority of one person, and then a systematic ar» 
rangement of a great number of observations be brought to perfection. 
The survey of the' northern peninsula was arranged on this principle. 
The township lines were/ to be run by Mr. Burt, or under his super- 
vision, while the subdivisions were to be made by other deputy sur- 
veyors — Dr. ^Houghton having the especial control of the whole. Ail 
roipks crossed by lines were to be examined, specimens taken, and the 
exact, locality noted, while at the same time as much information asdould 
be' obtained was to bje collected in relation to the geological and topographi- 
cal features of the country. The detailed arrangements with regard to 
the collection of specimens, and the plan of accompanying the sur* 
veyors along the lines by a special barometrical observer, were admirable. 
This system had been fairly organized, and the field-work of one season 
nearly completed, when his melancholy death, by drowning, on the 
night of October 13, 1847, occurred. Most of the results of his extended 
personal observations were thus lost to the world, and the system was 
gradually abandoned, though for some time the linear surveyors were 
required to make geological observation? ; yet, as they were not systematized 
by any person familiar with the science of geology, the results were never 
laid before the world in an available form, although much informati6n of 
value was placed in the possession of the department. 

Dr. Houghton was a man of indomitable energy and perseverance, and 
fervently devoted to the cause of science. Had he lived to 'complete this 
great work, he would have erected an enduring monument to perpetuate 
his name. He died in the discharge of his duty, prematurely for the 
cause of science, prematurely for his own fame. 

The lands composing the Lake Superior district were acquired by the 
United States by virtue of the following treaties: 

Ist. With the Ottawas and Chippewas, concluded March 28, 1886 — 
ratified May 27, 1836 — by which were ceded the lands boulided on the 
north by Lake Superior, on the east by the St. Mary's river, on the fitoiith 
by Lake Michigan, and on the west by the Escanaba and Chocolate 
rivers. 

2d. With the MoHomonees, conckided September 3, 1836— ratified Feb- 
rujpy 15, 1337 — by which was ceded a tract bounded on the east by the 
Esipanaba river, on the south by Green Bay, on thq west by the Monomo- 
nee river^ and on the north by an irregular Une extending from the mouth 
of the Brule to the head- waters of the Escanaba. 

3d. With the Chippewas of the Mississippi and Lake Superior, con* 
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clMifed October 4, 1842— mtified March 23, 1843— by which was ceded 
tfcfe teriiainder of the district washed by Lake Superior on the north; and 
-extending west from Chocolate to Montreal river, and southerly to the 
b<nm3ary between Wisconsin and Michigan. In this cession Isle 
Rbyale was also included. 

Each of these treaties, however, embraced other lands than those de- 
scribed^ 

Shortly after this last cession, applications were made by individuals in 
diflTerent parts of the Union for permission to explore and locate any tracts 
supposed to contain valuable ores. These ^applications were granted by 
virtue of a joint resolution of Congress, passed as far back as 1818, in 
xeference to the ^Meadjands" of Illinois. The applicant in the first in- 
stance was allowed to select a tract of three miles square; but this was 
subsequently modified, limiting him to one mile square. He was required 
to' make the selection within one year, to mark the (Corners thereof, to 
leave a person in charge to point out the bounds, and to transmit to the 
proper department a description and plat of the same. ' On the receipt of 
this plat the applicant was entitled to a lease for the term of three years, 
renewable for an additional term of three years, provided^ongress did 
not otherwise direct; annexed to which were certain conditions: the most 
important were, that the lessee should work such mines with due dili- 
gence and skill, and render to the United States six; per cent, of all tha 
ores faised — to be delivered at such points within the district as the latter 
might indicate. , 

.The Committee on Public Lands of the 29th Congress, 2d session, de- 
cided that the Department of War had no authority to grant leases of cop- 
per rainosj and recommended that these tracts be surveyed and sold. 

'On the 6th of May, 1846, in conformity with the decision of the Presi- 
dent of the United States, the further issue of permits was suspended. 

The whole number of permits granted under the authority of the De- 
partment of War amounted to about one thousa'nd — nine hundred and 
sixty- one of which were located. Sixty leases for tracts of three miles 
square, and three hundred and seventeen for tracts of one mile square, 
were perfected, and mining companies organized under them.* 

At the subsequent session of Congress an act was passed, entitled ^^ An 
act to establish a new land district, and to provide for the sale of mineral 
lands in the State of Michigan,'^ approved March 1, 1847. 

By the first section of this act, all of that portion of the public lands in 
the State of Michigan lying north of the boundaries of the Saginaw and 
Grand river land district's in the State, known as 'the northern peninsula, 
wflh the islands in Lakes Superior, Huron, and Michigan, and in Green 
bay, the Straits of Michillimackinac, and the river St. Mary's, within the 
jurisdiction of said State, was included in one land district, to be called 
the Lake Superior land district. 

*rhe second section provides that the Siferetary of the Treasury cau;5e a 
geological examination and survey to be made and reported to the Com- 
missioner of the General Land Office; that the President be authorised to 
catise such of said lands as may contain copper, lead, or other valuable 
ores U> be exposed to sale, first giving six months' notice of the times and 
pkces of sncn.sale in such newspapers of general circulation in the several 
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States as he may deem expediept, with a bnef description^ of tlierlsuids to* 
be offei^ed-— showmg. the number and loeaUty of the mines k^awn, the 
practicability of disco veriog. others, the quality of the ores, the facilities for 
wprking the rnhies^ and the means and expense of transporting their pro- 
ducts to the principal markets of the United States; and that all of the 
lands in the 3aid district not reported as nrineral be regarded as agricul- 
tural. / 

The third section secures the rights of those persons in pqasession b7 
occupancy u)ider permits, or leases, from the Secretary of War» The other 
sections of the act in no way relate to the objects of the survey, and a re-^ 
cital of their provisions is omitted. 

From the time ,of the issuing, of the permits the business x)f mining has 
been prosecuted virith vigor, and in many instances with success. The 
day is not distant when the product of these mines will supply the home 
demand, and add much to the national wealth. In a business like this, 
proverbially uncertain the world over, there have been many failures,, 
many schemes of wild and extravagant speculation, and many plans of ill- 
advised and ill directed mining, which have resulted in the ruin of those 
engaged in th^i. Extravagant expectations were held out in the com- 
mencement, wnich t^ie ryining, experience of the world declared could 
never be realized. 

These, however, have passed away, and the business has settled down 
into a regular, methodical pursuit, affording an admirable field to 4:he 
mining engineer for the display of skill and judgment, and yielding to the 
adventurers a reasonable return for the capital invested. 

In the spring of 1847, pursuant to the provisions of the above-recited 
act, the Seci^tary of the Treasury appointed Dr. Charles T. Jackson to 
execute the required survey. After having spent two seasons In the 
prosecution of this work he resigned, and its completion was confided to 
Messrs. J. W. Foster and J. D. Whitney, the results of who$e observa. 
tions will be found embodied in the subjoined report. 

In the prosecution- of this work they have been aided by Messrs. S. W, 
Hill and Edward Desor, as first assistants, by Mr. WilUam Schlatter as 
draughtsman, and Mr. W. D. Whitney as botanist. 

The. aid of Mr. Hill has been of the most essential service. His long 
residence in the district and his connexion with several public surveys in 
the Northwest, had given him opportunities of collecting a large fund of 
information, which has been cheerfully contributed to this woik. His . 
measurements and plans of the mines, his observations on the phenomena 
of veins, his contributions to the boundaries of the rocks, as illusl,rated on 
the accomjK^nying maps, and his thorough and laborious explorations during 
his connexion with the survey, are all gratefUUy acknowledged by the 
geologists in charge. 

The phenomena of the drift and alluvial deposites of this region have 
been ably investigated by Mr. D^r, and the results of his observations 
will be found embodied, by him, in that portion of the work which relates 
tp the superficial and transported materials. 

His previous investigations of the drift in parallel latitudes in western 
Europe, and of glacial action as manifested in the Swiss Alps, and the 
formation of shoals along the coast of the Atlantic as observed by him 
during his connexion with the Coast Survey, had qualified him to enter 
upon this field with every prospect of success. 
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When it is conadered that the agricultural capacity of a soil results 
l^ot so much from the decomposition of the subjacent rocks as from the 
superficial deposites strewn over the surface, which have been derived ija 
most cases from sources far remote> it will be found that an undue prom- 
inence has not been given to this subject. Besides, an investigation 
into the sources of these materials, and the agency by which their transport 
has been effected, forms one of the most interesting chapters in the phys- 
ical historyof the earth. 

The results of his observations on the fbLima of this region will be com- 
municated hereafter. 

The execution of the maps was confided to Mr. William Schlatter, and 
we do not pay him an underserved compliment when we say that he has 
completed the work with consubimate skill and ability. Much of this work 
has been executed in the midst of the forest, beneath the shelter of a tent. 

The investigations of Mr. W. D. Whitney were mainly directed to the 
Jlora of this region. His remarks on the nature of the forest trees, their 
geographical distribution and the economical uses to which they may be 
applied, will be incorporated in a subsequent report. 

Before coticluding this introduction we desire to retu jp our thanks to 
the several ca^ptains of mines for their hospitality and for the facilities 
afforded us in investigating the phenoniena of veins. Without exception, 
we have found them intelligent and ready to communicate all of the in- 
fermation in their possession. 

To the linear surveyors, particularly to Mr. John Burt, we desire to 
Tender our thanks for the communication of valuable information. 

To the late surveyor general, Hon. Lucius Lyon, of Detroit, we also 
desire, in a public manner, to express our thanks for his promptness in 
ihmishing plats, and for other aid rendered in the prosecutiba of this work. 

We are fully aware that this r^wrt is, in many respects, defective; such 
as must necessarily result from the investigation of a wild and almost 
unbroken wilderness, with limited facilities at ©ur disposal. We trust, 
however, that we have accomplished something in elucidating its true 
geologiesit stmcture and its vast mineral resources. 
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CHAPTER I. 

PHYSICAL GlBaORAPHT, 

Boundaries of the Lake Superior land €listrict.^^Ea:fen( of the fo^-^.— ' . 
Islands,— Harbors. — Bays.-^Coast, — "Michigan.— -Extent. — Bayar, 
— Islands. — Huron. — Rivers. — Mountains. — Table of heights. 

The region which forms the immediate subject of this report is bounded 
on the north by Lake Superior, on the east by the St. Mary's river, on 
the south by Lakes Huron and Michigan, and on the we§t by the Mon- 
treal and Menomonee rivera, including the several islands belonging ta 
the United States, and within the jurisdiction of Michigan. It is known 
as the LaJcG Superior land district y and contains an area of 16,237 square 
miles. 

It is included between latitude 45° and 49° north; and longitude 83^ 
45' and 90° 33' west from Greenwich. Its coast, naore than 800 miles ii^ 
extent, is washed by three of the great North American lakes. 

Lake Superiot, the largest expanse of fresh water on the globe, contains^ 
32,000 square miles. Its surface is elevated, according to Captain Bay- 
field, of the English Admiralty survey, 627 feet above the ocean-Ievelj 
while portions of its bed are several hun<dred feet below,- thus hxming one 
of tha deepest depressions in the surface of the earth, excluding those 
portion^^overed by the oceanic waters. Its coa3t is 1,500 miles in extent; 
Its maximum length, from Gros Cap to Pond-du-L&e, in a direct line, is 
355 miles 3 its maximum breadth, fiouk Grand inland to Neepigon bay, 160 
miles. 

The shape of the lake is very irregular, its .widest expansion being near 
the centre, while its extremes are contracted. Its northern shore is rocky, 
affording many bold headlands, and mjany deep and spacious bays. Nu- 
merous groups of islets gird the coast, which appear to be peaks, or 
aiguilles, connecting with the main rock far below. 

Of the larger class may be mentioned St. Ignace, at the outlet of Nee- 
pigon bay, 1,300 feet in height; and Pie island, at the outlet of Thunder 
bay, which rises to the height of 850 feet. They are both composed, in 
the main, of rocks of igneous origin, and present bold and picturesque 
outlines. * 

The southern coast is studded with fewer clusters. Towards the head 
of the lake there is a group known as the Apostle islands, composed of 
sandstone, and attaining an inconsiderable elevation. Tlje channels be- 
tween them afford good harbors, accessible from every poiirt. La Pointe, 
situated on Madaline island, is already a place of some commerce. 

Grand island, about midway between the extremes of the lake, afforda 
one of the finest and most beautiful harbors in the world. Its northern 
shore, where exposed to the surf, is lined with high cliffs of sandstone j 
but the southern portion slopes gradually to the water's edge. 

Towards the eastern extremity are several low islands, composed of 
sandstone, which are of no great importance. 
In addition to these are two remarkable islands in the midst of the 



Doc. No. 60. . 19 

lake, both of which are due to volcanic action. These are tsle Royalc 
and Michipicoten; the former belonging to the United States, the latter to 
Great Britain* 

Isle Royale is situated in the northwestern part of the lake, being inter- 
sected near the centre by the 89th degree of west longitude, and the 48th 
f>f north latitude. Its course is northeast and southwest; its length 
about forty-five miles; its width about eight miles; its area two hundred 
and thirty square rafWs. 

It is traversed by numerous parallel ridgeis, running with the course of 
the island, which nowhere attain an altitude of more than 600 feeKaboVe 
the lake-level. At the northeast extremity they are prolonged beyond 
the main land, and resemble the fingers attached to the human hand. 
These fingers afibrd safe and commodious harbors. The numerous lonjj 
and nanrow inlets which indent the coast result from its geological struc- 
ture. Alternating bands of soft amygdaloid and hard crystalline green- 
stone, which oppose unequal resistance to the action of the elements, have 
contributed to form the peculiar outline of the coast. Powerful currents, 
at no remote epoch, sw6pt over the island in a southwesteriy direction, 
which ground down the softer beds and polished and grooved the harder, 
to their very summits. So thorough was this process, and so slightly 
have the harder materials, in the lapse of time, yielded. to the ordinary 
action of the elements, that these grooves can be observed over surfiices 
of great extent, sharp and well-defined. No tree takes root upon thes^ 
polished surfaces; the lichens even cannot find sustenance. The island 
everywhere presents a desolate appearance. Barren rocks; a dwarfed 
growth of cedars and birches, hung with drooping moss; abrupt cliffs, 
impassable marshes — these are the striking characteristics. The caribou, 
the lynx, and the rabbit are among the few animals that roam over its 
surface'; the hawk, the owl, and the pigeon represent the feathered tribe. 

.Where the igneous rocks prevail we find deep and spacious inlets, 
among which may be mentioned Washington harbor on the west, Todd's 
harbor and McCargoe's cove on the north, the deep recesses formed by 
Locke's point, Blake's point, and Scovill's point, on the east, and Rock 
harbor^ Chippewa harbor, and Siskawit bay on the south. The southern 
point of the latter bay, which consists of sandstone, is approachable from: 
the southeast, and also firom the south, by a narrow and intricate channeL 
It abounds iti hidden reefs, running parallel with the main land. 

The numerous ridges which traverse the island longitudinally alfe uni- 
formly bare and precipitous on the northwest and sloping on the southeast^ 
The intervals are occupied by small lakes, wet prairies, or cedar swamps. 

Michipicoten is situated in the northeastern portion of the lake. It is 
eighteen miles in length, and rises to the 'height of eight hundred feet 
above the water. It is a mass of greenstone, and one of the points 
selected by the Gtuebec Company for mining operations. , 

In the midst of the lake is a remarkajble islet, known as Stannard*s rock, 
so called in honor of Captain Charles C. Stannard, by whom it was dis- 
covered in 1844, while sailing the brig Astor. 

It has been erroneously described as an isolated peak or needle, shoot- 
ing up from the bottom of the lake, and affording deep soundiugs on 
every side. Such, how6ver, is not the case. It rises about four fedt 
abote the water-level, and exposes a surface of fifty feet in length and 
twenty in breadth. During a storm the waiKs sweep over it, but its posi- 
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tion is indicated by a long line of breakers. Professor Mather, who vis- 
ited it in 1816, thus describes it in some MS. notes communicated to us: 
'^A dangerous shoal ex tends'a mile or more to the NNE. of the rock, and 
another, as indicated by the ripple, to the NNW. In approaching it, we 
passed over numerous ridges and deep troughs between — the rocky bot- 
tom plainly in view from ten jto fifteen and twenty feet below the surfece.^' 
*To the south and southwest of the rock the water is deep, even at its 
base. It is a sandstone of a dark red color, and^somewhat metamor- 

})hosed by heat, and disposed in nearly horizontal layers. Its bearings, 
irom the most reliable information, are, from Manitou island, at the head 
of Keweenaw Point, SE. ^ E. 27 miles; from Point Abbaye, E. by N. 
i N. It lies in the direct route between Grand Island and Keweenaw 
Point, so that it is necessary for the navigator to make a detour to avoid it. 

This is the only reef known to exist in the midst of Lake Superior, 
and it is a matter of surprise that it remained so long undiscovered. 

Professor Mather states that at the time of his visit a strong current was 
setting eastward, which drifted the vessel more than half a mile from her 
course. The lalce was calm and the breeze light; the approach to the 
rock, therefore, is dangerous even under the most fevorable circumstances. 

The northern shore is much more deeply indented than the southern. 
Among the deepest of these indentations may be mentioned Neepigon, 
Black and Thunder bays, which, for the most part, are lined with eleva- 
ted ridges extending down to the water's edge. No place in the north- 
west presents a view of greater magriificence than is aflorded in the vicin- 
ity of Fort William. Blackened walls of slate and trap, covered with a 
dwarfish growth of cedar and birch, are seen on eveiy side. To the 
south Pie island rises out of the lake, like an immense castle, to the 
height of 850 feet: to the west, McKay's mountain, a thousand feet in 
height, overhangs the valley of the Kaministiquia, its flanks composed of 
basaltic columns as regular as those of Staffa: to the east. Thunder cape, 
1,350 ftet in height, with unbroken cliffs extending for seven miles, te- • 
sembling a vast colonnade, juts into the lake, beyond which the eye rests 
upon a dark expanse of water bounded only by the horizon, while to the 
north serried ranges of mountains rise one above, the other until their out- 
lines are dimly traced against the sky. 

The general trend of the southern coast is east and west, to which, 
however, Keweenaw Point forms a remarkable exception. Starting from 
its baiBe, it projects for fifty miles into the lake, taking a northeasterly di- 
rection; then curving inwardly, it pursues for twenty miles an easterly 
course, terminating in an abrupt headland which rises to the height of 
800 feet above the lake. This configuration is due to a range of trappean 
hills, which in their widest -expansion do not exceed twelve miles, or 
attain an elevation greater than 900 feet above the lake. 'i 

The southern coast is less rock-bound and irregular than the nortHem. 
The principal indentations are Ohaquamegon bay, Keeweenaw and 
Huron bays. This difference in the character of the two coasts results 
firom the diversity in their geological structure. 

Where the rocks co?isist of different degrees of hardness the coast pre- 

. sents numerous inlets, bays, and harbors-, with deep but narrow channels; 

but where the rocks are of nearly uniform consistency, the shores are 

gently curved, the bays, wide, and the harbors sparse. Thus it will be 

seen, by inspecting the geojpgical map, that where the igneous rocks pre- 
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Tail, the coast is finely indented; where the sandstones prevail, the coast is 
gently curved. Copper harbor, Agate harbor, and Eagle hairbor are ex- 
cavated in a belt of amygdaloid, included between two belts of conglom- 
erate, which offer greater resistance to the action of the sea and the 
atmosphere. A stream or a fissure may have served originally as an inlet 
to the waters, whose excavatory power was circumscribed by the harder 
and firmer sedimentary rocks. 

Btetween Eaigle harbor and »the Montreal river the coast, composed of 
sandstone, presents uo projecting headlands, no sheltered bays. • To the 
«ast of Keeweenaw bay there are several bold projections which result 
irom the joining of rocks of unequal resisting power. The heads of the 
promontories generally consist of granite or basalt, connected with the 
main land by low and narrow spits of sandstone. Granite Point and 
Presqu'Isle are examples of this kind. Within the present century the • 
connecting link may be severed, and the promontories become insulated 
like the Huron islands, which at no remote epoch were undoubtedly con- 
nected in a similar manner with the main land. 

Lake Superior occupies dn immense depression, which has been for the 
most part excavated out of the soft; and yielding sandstone. Its configu- 
ration on the east and north has been determined by the irregular belt o£ 
granite before noticed, which forms a rim elSfectually resisting the further 
encroachments of its waters. Limited patches of sandstone, such as 
-Caribou, Parisien, and Maple islands, have escaped th^ process of de- 
molition, and indicate the ancient limits of the detrital rocks. 

The configuration of that portion of the lake lying west of longitude 
88° appears to have been causeli by two axes of elevation extending in 
parallellines from the northeast to the southwest, which upraised the 
sandstone, causing it to form a synclinal valley. Another valley of a like 
iiharacter occurs south of the trap range of Keweenaw Point and the On- 
tonagon region, in which the water has excavated a deep and spacious 
bay; but its encroachments are limited in that direction by the granite 
bosses of the Huron mountains. Let any oi>e who doubts that the con- 
figuration of the lake results from geological causes consult the map of 
this region, and he will be satisfied that all the projections and indenta- 
tions of the coast conform in a remarkable degree to the main lines of 
upheaval. 

The ^uthem coast of this district is washed by the waters of Lakes 
Huron and Michigan. The superficial area of the latter is nearly a third 
less than that of Superior, being twenty-two thousand square miles, 
while in depth it is not much inferior. It is elevated five hundred and 
seventy-eight feet above tide- water, and depressed forty-nine feet below 
Lake Superior. The rocks which compose its rim are of a sedimentary 
nature, and afford few indentations suitable for harbors. ,The immediate 
shores are low, and lined hi places with immense sand-banks. The water 
shoals gradually in approaching the coast. Green Bay in other countries 
would be regarded as a lake of great magnitude — ^its length being one» 
hundred miles, its average breadth twenty. Great and Little Traverse 
bays occur in the eastern coast, and Great and Little bays d'Enoch in 
the northern. The maximum length of the lake is three hundred and 
twenty miles, its maximum width one hundred, and its circumference 
somewhat less than one thousand miles. Its form is oblong, with much 
uniformity in its Dutliues. The islands are sparsely distributed, and 
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attain an ineonsiderable height. Two clustens occur^-^-one at the outlet 
of the main lake, the other at that of Green Bay. 

Lake Michigan is connected with Lake Hurpii by the Straits of Macki> 
nac, forty milei in length, and four in breadth. At the narrowest point 
within this strait there are two considerable islands — Bois Blanc and 
JMackinac. The former is a low, wooded island, twenty-five miles in cir- 
cumference. 

Mackinac is only about three miles in diameter, and rises to ^he height 
of three, hundred and fifteen feet; ^t is walled on every side by bare chfl& 
of limestone, . which afford many scenes of pictiilfesque beauty. As a 
military post, it may be considered as the Gibraltar of the lakes. For- 
merly It was one of the principal depots of the American Fur Company; 
but of late years the traffic has rapidly declined. The commandiag posi^ 

. tion of MacKinac did not escape the keen eye of the Jesuits. Dablon 
speaks of it, in 1670, as the centre of three great lakes; and from that day 
,to the present it has been an important point — a sort of council ground—*- 
in the negotiations between the two races. The harbor is excellent^ 
There is nothing to make this island a place of any great commercial im- 
portance; but had the government relinquished the fee of the lands, i^ 
would have presented a far different appearance fi"om what we now ber 
•hold. Michimackinac signifies big turtle, so called from a fancied re^ 
semblance in the contours of the island to the form of that animal. 
. Lake Huron is little inferior in dimensions to Michigan, its greatest length 
being two hundred and sixty miles; itp greatest breadth one hundred aii4 
^ixty. Its circumference is eleven hundred miles; its area twenty thousand 
^ur hundred. Its shape is that of an inverted cone. Georgian bay^ one 
hundred and seventy miles in length .and seventy in breadth, forms the' 
northeastern portion, and lies exclusively within the British jurisdiction. 
Saginaw* a deep and wide-mouthed bay on the western coast, is the principal 
indentation. The rim of the lake is cqmposed for the most part of de- 
trital rocks, which are rarely exposed. In the northern portion of the 

, lake, however, the trap rocks on the Canada side intersect the cpast. 
The waters possess great transparency, and extend to a depth w>t surf- 
passed by those of Superior and Michigan. They rarely attain a tem- 
perature higher than 50°, and are stocked with fish, of the finest flavor* 
The surface exhibits the dark-blue, or blue-black, so characteristic of th^ 
ocean. 

The northern coast, in the vicinity of the outlet of the St. Mary's^ 
abounds in numerous clusters of islands, which form the most attractive 
feature in the landscape. Captain Bayfield is said- to have landed on tea 
thousand, in the prosecution of his survey, and to have, estimated the 
whole number at thirty thousand. 

The following table, with some alterations, exhibiting the area, eleva- 
tion above the' sea, and depth of the five great lakes, is taken from th.^ 
report of S. W, Higgins on the topography of Michigan: 
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Lakes* 



4Superior . 
Michigaa 
Huion . • . 
£iie« . . . ^ 

OQt£u:io • , 



Total. 



Greatest 
length. 



MUes.- 

355 
320 
260 
240 
180 



Greatest 
breadth. 



Mean depth. 



160 

100 

160 

60 

35 



Fea. 

900 
900 
900 
84 
600 



H«ight 
above sea. 



Feet. 

627 
678 
578 
665 
232 



Areainaquale 
miles. 



82, 000 

22, 000 

^,'400 

9,600 

6,300 



90, 300 



The entire area drained by these lakes is estimated, on the same au- 
thority, at 335,515 square miles. 

This district is a part of that immense plam bounded by the Appala- 
chian chain on the east, and the Rocky mountains on the west, and ex- 
tending north and south from the Gulf of Mexico to the Arctic sea. Its 
mean elevation above the sea is less than a thousand feet, and its culmi- 
nating points nowhere exceed 2,500 feet. They can hardly be dignified 
with the name of mountain chains, but may be regarded as the more ele- 
Tated portions of a gently rising and widely extended plateau. 

The beds of the great lakes are depressions, reaching far below the 
ocean level. 

In this plain, with their branches interlocking, the two great rivers of 
Hforth America have their origin — the Mississippi and St. Lawrence; the 
one discharging its waters, thrdngh many mouths, into theOulf of Mexi- 
co; the other expanding into a gulf many hundreds of miles in extent be- 
fore it becomes merged in the ooean. 

These rivers are as diverse in character as in direction. The 
Mississippi is the longer, but the St. Lawrence discharges the greater 
volume of water. The one abounds in difficult rapids, the other in stu- 
• pendous cataracts — the one is subject to great fluctuations, the other 
preserves an almost unvarying level. The waters of the one are turbid; 
Chose of the other possess an almost crystal purity. The one afibrds few 
lake-like expansions; the other swells into vast inland seas. Both have 
become the great highways of commerce, enriching the regions through 
which they flow, and supplying the inhabitants with the varied products 
of distant climes. 

Lake Superior is fed by more than 80 streams, none of which attain any 
considerable magnitude, and are adapted only to canoe navigation. 
Those which flow down the northern slope of the basin are longer than 
those of the southern, and the water, being more exposed to the direct rays 
of the sun, possesses a higher temperature. They all have rapid descents, 
and, flowing over rocks which oppose great resistance to the action of 
water, abound in falls and rapids. The carrying-places around thei^e 
obstructions are known as "portages.'* Communication throughout the 
northwest between distant points is effected almost entirely with the 
canoe « It serves the same purpose as the ship on the ocean, or the camel 
on the desert. This kind of inland navigation has created a class of men of 
loajrk^d peculiarities, known as voyageurs. They are a hardy race, pa- 



24 Doc. No. eJd. 

tient of toil, and cheerful under the most untoward circumstances. In 
their frail barks they pass from Lake Superior to the Mississippi, to Hud- 
son's bay, to the Pacific, and even to the Arctic ocean. 

Rivers. — Rivers are the great arterial features of our globe; they define 
the valleys, give boundaries to the hills and mountain ranges, and if 
' traced to their source, enable us, with the aid of a few well determined 
• culminating points of contiguous' ranges, to trace upon our charts the 
general feature of the country through which they flow.*- This know- 
ledge is particularly desirable at this day, when rapid communication is 
sought between distant points by means of railways. ' By barometrical 
observations extended over most of the district the elevation of the water- 
shed line has been determined. These wil! aid in the selection of the 
most practicable route between the two lakes, and enabl^ the observer to 
form a pretty correct idea of the physical features of the region. 

The following diagram shows the course of the water-shed in this dis- 
trict. It is represented by the irregular dotted lines: 
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It will be seen that the streams flowing into Lake Michigan, in the 
eastern portion of the district, head near Lake Superior. Proceeding 
west, the line is deflected fronj the upper lake, and another line diverges < 
towards the northeast. The main line is due to the upheaval of the 
granite; the secondary line to that of the trap. 

We will describe the rivers of this region in their order of succession^ 
rather than with reference to their magnitude. 

The Montreal is a river of no great magnitude, being navigable above 
the falls at its mouth by canoes only during the time of flood. It is formed 
by the union of the Pine and Balsam rivers, thirty-four miles above its 
mouth, following its meanders. At this point, according to Captain Cram, 
it is eight hundred and four feet above Lake Superior. Flowiiig over hard 
unyielding rocks, it abounds in numerous rapids and cataracts^ Neay its 
meuth it is precipitated eighty feet over a sandstone ledge. Four miles 
up, there is another fall of about the same height, but much more pictur- 
esque. The aboriginal name of this stream is Katoasijiwang-sepi, or 
White Falls river. 

The Bl(2ck and Presqu^Isle are streams of considerable magnitude^ 
which have their som'ces in the granite near the southern limits of the 
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district. They flow northwesterly, and, breaking through the trap range, 
discharge themselves into Lake Superior. 

The Ontonagon— -^x Nantonagan, according to the orthography of the 
Jesuit map — is the largest of ^11 of the streams within this district which 
flow into Lake Superior. It has three principal affluents which com- 
bined, drain an area of not less than thirteen hundred square miles. 
, Their sources are found near the southern limits of the district, inter- 
locking with those of the Chippewa and Menomonee. One of the afflu^ 
ents of the west branch drains a large inland lake, known as Agogebic or 
Little Pish lake, which lies about seven hundred feet above the main lake. 
The waters are clear, cold, and deep, and swarm with fish of the finest 
flavor, After leaving this lake, the course of the stream is northeast along 
the junction of the sandstone and- trap, until it unites with the main river, 
and has, in places, excavated a channel in the sandstone to the depth of 
one hundred feet. After this junction the combined stream turns abruptly 
to the north, flowing across the trap' range in a natural depression, 
through which it finds its way to the lake. The southern and eastern 
branches, for a greater portion of their courses, flow through a country 
deeply covered with stratified clays, and their channels are excavated in 
the yielding beds. The banks in places rise to the height of one hun- 
dred and fifty feet, and are so precipitous that it is a task of great labor 
to clamber to their tops^. The depth of water in each of these branches 
is sufficient to float a canoe, but numerous portages occur in consequence 
of the great accumulation of drift-wood. Some of these "rafts" are fifteen 
rods in extent. 

At the mouth of the Ontonagon there is a sand-bar, on which there is 
ordinarily from five to six feet of water. During the spring-flood this bar 
is often washed away, but it is reformed by the northerly winds, which 
drive in a heavy sea. The extension of piers from this point for the dis- 
tance of four hundred feet seaward,''so as to confine the current within a 
narrow compass, would remove this obstruction arid render the entrance 
at all times accessible. The bar once passed, there is a spacious harbor 
two hundred and fifty feet in width and eight miles long, with a depUi of » 
water between twelve and fifteen feet. The mouth of the river has already 
become a place of much importance, and an improvement of this kind 
would be of great value to this portion of the mining region, although its 
construction would be a work of much labor and expense. The nearest 
points where vessels can take refuge in a storm are La Pointe and Eagle 
Harbor, each of which is about seventy-five miles removed. 

A keel-boat seventy-five feet in length, and capable of carrying ten tons, 
plies between the mouth of the river and the Minnesota landing, distant 
fifteen miles. • Three miles below this point occur the Grand rapids, which 

E resent ^ very serious obstruction to the navigation. These, however, 
ave been so far improved by removing the boulders from the channel, 
that boats can ascend by poling or warping. 

Between Keweenaw Point and the Ontonagon there are several small 
streams, which have their origin in the trap range and flow northward into 
Lake Superior. Their descent is rapid, and they afford an abundant sup- 
ply of hydraulic power. Two inconsiderable streams occur near the head of 
Keweenaw Point, Eagle and Montreal rivers. The former flows along a 
longitudinal valley for a distance of six miles, then breaks through the 
Irap range at nearly right-angles with its former course, and is precipitated 
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into tb€ lake. It is the only stream of any magnitude in the vicinity of 
the mines on the Point, and its waters have been already employed iix 
the washing of the ores. 

The Ldttle Montrecd flows through a longitudinal valley between two 
oranges of trap, and enters the lake a little below the eastern extremity of 
the point. 

The Stm-geouy with the exception of the Ontonagon, is the largest river 
on the northern slope of the axis between Lakes Superior and Michigan^ 
and its sources are elevated more than a thousand feet above its outlet. 
The area drained by its tributaries is five hundred and seventy- five square 
miles. Poi the first twenty miles its course lies through the granite and 
mfetamorphic rocks, and the descent is rapid; after that it enters a broad 
and slightly undulating plain deeply covered with transported materials, 
and discharges itself into Portage lake. Its entire length, including its 
sinuosities, is not less than sixty-five miles. For the last fifteen miles of 
its course, it runs parallel with Keweenaw bay. Between its mouth and 
:township 61, range 34, its course is very tortuous. Its banks are composed 
of clay, with pebbles intermixed, and rise from six to eight feet above its 
rsurface. Its width at this point is about one hundred and forty feet, its 
depth about four feet, and a luxuriant growth of forest trees, consisting of 
elm, maple, linden, and black ^sh, lines its banks. 

After crossing the correction line the country changes in its character. 
The ravines are numerous and deep, and the ridges of sand and clay at- 
tain a higher altitude. A change is also observable in the forest trees, the 
cedar, fir, and white birch supplanting the elm, the maple, and thie 
ash. 

One of our party, Mr. Hill, ascended this river in a canoe for a distance 
of twenty-five miles. His progress was occasionally obstructed by drift- 
wood, around which he was compelled, to make pprtages. The lower 
portion of this valley may be regarded as among the best agricultural 
tracts in the northern peninsula. The Sturgeon has, in the course of 
ages, formed a delta at its mouth about four miles in extent. . It con- 
tains many lagoons, which at one time formed the bed of the river. 
This bottom annually yields a luxuriant crop of blue-grass, which is 
mowed and conveyed to L'Anse.* 

Portage lake, which may be regarded as an expansion of Sturgeon river, 
lies in the form of a rhomb at the base of Keweenaw Point. It is about 
eighteen miles in circumference, and has three principal arms — one con- 
-necting with Keweenaw bay, another with Torch lake, while' the third 
extends to within a mile of Lake Superior, on the northwest side of the 
Point, across which there has been a portage from time immemorial.t 
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* L'Aose properly signifiea ** the bay, or creek," but throughout this region it is applied to 
desi^^nate the settlementn at the head of Keweenaw bay. These consist of a Catholic nnissioki 
on the west side, and a Methodist mission on the east. There are about four hundred soula, 
consisting of Indians, half-breeds, and whites; the first largely predominating. Their pursuits 
e insist in fiisbiog and hunting ; cultivating, however, patches of potatoes, for the growth of 
which the soil is admirably adapted. At each mission there is a school. The government' 
employs a blacksmith, a carpenter, and a farmer, whose duties are to aid and instruct the In* 
dians in their respective artB. There are also three or four traders who furnish the lDdi&,ns with 

foods, in exchange for fi.ih and peltries. At the head of the bay is a saw-mill owned by Mr. 
^oawell, which annually turns out twenty thousand feet of lumber, worth from ten to thiiw 
(eefi dollars per thousand at the mill. 

I Father Reng Mesnard was lost while crossing this portage, on the 20th of August, 166 1« 
it 18 strange that no headland, or lake, or bay, throughout this fast rogioDy bears the honored 
Dame of him who was the first white man to explore them. 
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By pursuing this route between La Pointe and L'Anse^ the distance id 
shortened about eighty miles. The river connecting Portage lake T^nth 
JB^eweenaw bay is about four miles in length, being broad and deep. The 
.water on the bar at the mouth, however, is but about four feet deep. 

Between Keweenaw bay and White-Fish point there are no large rivers. ^ 
The principal streams are the Huron, Dead, (Du Mort,) Carp^ Ofiocolatey 
JjG Prairie, and Tkoo-Uearted, They have their sources near the lake, 
and descend rapidly, affording abundant water-power. They are not 
navigable for canoes even, except for short distances, but their mouths^ 
fcr the most part, afford tolerable boat harbors. 

The Tequamenen is among the largest streams on the northern slope. 
Its length is sixty- five miles, and the area drained by it not less than six 
hundred square miles, and its course is nearly parallel with that of the lake 
coast. It can be ascended to the foot of the falls fifteen miles up, in coast- 
ing boats, and still further in canoes by making portages around the ob^- 
itructions. . 

Passing to the southern g^Iope of the axis, the Mani^e is the princit 
pal river in the eastern portion of the district. It drains a flat, swampy 
country, about 1,300 square miles in extent. It has four principal afflu- 
ents which come in from the northwest, some of whose branches head 
within five miles of the Lake Superior coast. Over this area are scattered 
numerous lakes which serve as reservoirs to collect and retain the super- 
fluous water. -* 

The White-Pish, Escanaba, and Fort rivers flow into Little Bay 
d^Knoch. Each drains an area varying between 400 and 600 square miles, 
and all may be ranked among the second class rivers of this region. 
Their banks are covered with pine forests, and large quantities of lumber 
are annually shipped to Chicago and other ports. 

The Menomofiee, which forms in part the boundary between Michigan 
and Wisconsin, is the largest river within this district with the exception 
of the St. Mary's. Some of its sources lie within fifteen miles of Lake 
Superior — its outlet is two hundred miles distant. Its eastern branch, 
called the Machigamig, or river flowing from a big lake, rises in the Huron 
mountains, which are 1,249 feet above Green bay. After crossing the' 
summit level in township 48 north, range 32 west, there are a series 
of natural meadows covered with grass, through which flows a small, 
clear stream, across which one may leap with ease. Afl«r pursuing this 
for about three miles, we come to where it discharges itseli into a small 
lake called by the Indians, Sagiagdns. This is the head of canoe navi- 
gation between Keweenaw bay and Green bay of Lake Michigan,* and 
lies 1,049 feet above that lake. There are two other lakes in close prox* 
imity, connected together by tortuous streams. A $harp range of granite 
hills bounds them on the north, while to the south the country is level 
and marshy. Between the second and third lakes occurs Portage No, 1, 
three-fourths of a mile in extent, and on the right bank of the stream. 

•Iq Ihe ftkil of 1848 wo paasad over this rdule to Green Bay. Our canoe was borne by two ' 
v»yageura from L'Anse to this point, distant twenty-five miles, over elevations 1,300 feet above 
the lahd, through cedar swamps where for miles we }\ad to hew our way, and wade throu<^h 
meadows knee^deep in water. It was a herculekn feat of strength and endurance, accomplished 
in itUle more than two days; and Ag^indos, whose shoulders bore the bulk of the burden, de* 
serves ta be pariicularljr named As this route is practicable, but never travelled except 
hj Indians, we will describe it with some minuteness. 
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The descent is twentj^'-four feet — the channel being filled with numerous 
boulders. Portage No. 2 is on the left bank of the stream, a short dis- 
tance above the poinjt where it discharges itself into the Machi-gummi, or 
Big lake, (section 25, township 48 north, range 31 west.) The Portaga 
is three-fourths of a mile long — the descent twenty-nine feet. 

Machi-gummi lies 1,014 feet above Lake Superior. It occupies the en- 
tire lengtl^ of township 48, range 30, and in its southern prolongation 
extends into the adjoining towHship. On the north it js bordered by a 
range of hills rising in conical knobs 'to the height of two hundred feet: 
on the south, the country is less elevated. Its surface is dotted with 
numerous Ismail islands rising up dome-shaped, with much regularity of 
outline. These summits are clothed with a dwarfish growth of cedar and 
fir, while their sides exhibit blackened masses of hornblende. 

This lake' is seldom visited by the white man, but the Indians resort 
here to hunt and trap. Along its shores are valuable deposites of iron, 
and its solitude may be disturbed within the present century by the 
sound of the forge-hammer and the puff of the steam-engine. 

At the outlet of this lake the stream becomes augmented to the width 
of sixty feet, with an average depth of two feet; and the descent is very 
rapid: the water is highly colored, and flows over a gravel bed. 

About a mile below the outlet occurs the third portage, on the left bank 
of the stream. It is a mile in length; the descent 35 feet. The bed of • 
the stream is filled with boulders of hornblende ^nd granite. Portage 
No. 4 occurs in section 7,, township 46, range 29, on the left bank. Length 
half a mile, descent 14 feet. 

Between these two portages the river is confined within narrow alluvial 
banks, but it occasionally enlarges into lake-like expansions which are 
fringed with tall grasses. These become the resort of innumerable water- 
fowl, while the wooded banks are the chosen haunts of the beaver arid 
otter. Pealed sticks of yellow birch, often seen floating in the stream, 
indicate the proximity of the former, while numerous "slides" in the 
plastic clay-banks show that we were in the neighborhood of the latter. 

This, portion of the country, though elevated, contains few ridges. 
The rocks rarely emerge to the surface, but are concealed by heavy 
accumulations of sand, clay, and gravel, mingled together pel4-m6le. 
The stream descends rapidly, and its channel is filled with large blocks 
of hornblende and granite. 

Near the north part of township 46, ranges 29 and 30, a ridge rismg 
two hundred feet above the surrounding level is seen, ranging north of 
west. Towards the river it presents a nearly unbroken cliff one hundred 
and thirteen feet in height, which, on examination, proved to be nearly 
pure specular oxide of iron. 

Portage No. 5 is on the right bank of the river, in township 45, range 
29; length two and a half miles. The river for a long distance above ^ 
presents a series of rapids, many of which are diflicult and dangerous,* 

* We have indicated on the general map the position of the rapids; and in this report we have 
described their character with some minuteness. We have done this for the benefit of future 
navigators. When one arrives at the head of ^ rapid white with foam and dotted with prc^ 
jecting rocks, he is desirous of knowing beforehand whether the descent be practicable; for unce ^ 
within the current, there is no power to retrace. 

We have often had occasion to admire the dexterity displayed by our Indian voyageurs in 
descending long and ditficuU rapids. It requires a quick eye instantly to detect the deepest part 
of the channel, and to lietermine, by the break of the water, the position of hidden rocks— a 
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The descent between the foot of Portage No. 4 and the head of Pbrtage 
No. 5 is eighty-seven feet; the descent of Portage No« 5 is thirty -seven 
feet. 

Portage No. 6 is on the hne of sections 29 and 30, township 44, 
range 29; length one-eighth of a mile. It is caused by an accumylation 
of flood- wood, so thickly matted that bushes and flowers have taken root, 
and flourish luxuriantly. Here the winter trail to Green Bay passes, and 
the mail cQurier has availed himself of this obstruction to cross the river. 
. Within this township the Machigamig receives from the right its two 
principal tributaries, the Mitchikau or Pence river, and the Nebegomiwini 
or Night-watching river. The origin of these terms, as explained by our 
voyageurs, was this: At one time the deer were observed to be very 
numerous about the mouth of the former river, and the Indians, to secure 
them, built a fence from one stream to the other. They would follow 
rather than overleap this barrier, until they were entrapped by their con- 
cealed foe. This method of capturing the deer is also practised on the 
Menomonee. 

The latter stream abounds in beaver and other game; and it is the prac- 
tice of the Indians, in the clear moon-light nights, to watch on its bank$ 
for their appearance; hence the origin of the term. 

Portage No. 7 is Qbout two miles below the mouth of the last-named 
river, (township 43, range 31.) It occurs on the right bank, and is only 
one- quarter of a mile in length. The river here falls perpendicularly nine 
feet. A high range of slate rocks, rising from the immediate banks one 
hvindred and fifty feet, was observed. 

Portage No. 8 (township 48, range 31) is over a ridge of hornblende 
and feldspar rocks, through which the river has excavated a channel: 
length one-eighth of a mile, descent seventeen feet. 

Portage No. 9 is in the same township and range, about four miles be- 
low the former, on the left bank of the river; it is one mile and three- 
quarters long, the descent being forty-two and a half feet. The ridge, 
bearing north 72^ east, attains an elevation of one hundred and fifty feet, 
whose summit is composed of granite, but the flanks consist df horn- 
i)lende and mica slate, folded over it like a mantle. The banks of the ' 
stream are lined with precipitous ledges, and, altogether, it forms one of 
the most beautiful and romantic gorges on the Machigamig. The country 
in this vicinity is traversed by numerous ridges, more or less broken, 
•which nowhere attain a great elevation. The rocks emerge to the sur* 
face at short intervals, anid the immense accumulations of drift noticed 
above are wanting. 

Portage No. 10 is in the north part of township 42, range 31, about a 
mile and a half below the latter, on the left bank of the stream: length 
one mile and an eighth. The current is Apid both above and below, th^ 
descent between the two being fifty-six feet. At the foot of the rapids 
are several small islands which divide the current. 

The last portage (No. 1 1 ) is a,bout one-quarter of a mile above its -junc- 
tion with the Menomonee. It is on the right bank of the stream, and one- 
eighth of a mile in length. The river here breaks through a ridge o£ ' 



vigorous hand to guide the fjail canoe as it dashes on its tortuous course with the speed of a 
race-horse. Accidents i)fien occur, but fortunately the means of refitting are always at hand — 
to wit, birch bark and spruce gum. 
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hornblende slate, over which it is precipitated twenty -four feet. It is the 
most romantic of all the cascades on the Machigamig. • 

The length of this stream from Sagiagans, following its meanders, is 
about seventy miles , and its general course is south of west: the area drained 
by it is neai;Jy eight hundred square miles. The Brule, or Wesacota, 
here joins it on the right, and, after the junction, the united streams take 
the name of the Menomonee. 

The Brule has its origin in a lake of the same name, through which 
passes the south line of the boundary of this district. It is one of a chain 
of beautiful lakes which extends almost uninterruptedly along the whole 
southern border. The current is rapid; but only two portages occur in its 
course, about ten miles above its mouth, near. the junction of the Mequa- 
cumecum, in township 41 , range 32. The stream is eighty or ninety feet 
in ^idth, its bed rocky, and its banks studded with a thick growth of 
cedar, tamarack, and birch, whose overhanging branches often obstruct 
the passage of a canoe. The Indians have been accustomed^ to ascend 
this river from time immemorial, on their route from Green Bay to Vieux 
Desert, and numerous camping-grounds are to be found along its banks. 
Its ascent is at all times practicable in a light cajioe. The Mequacume- 
cum is its principal affluent, which rises near the sources of the Sturgeon 
tt has as long a course, and drains as great an area, as the Brul^ itself. This 
river, too, is frequently ascended by the Indians in their passage to Lake 
Superior. The length of the Brule is about fifty miles. The area 
drained by the Brule and Mequacumectim contains about nine* hundred 
square miles. 

The Menomonee may be characterized as a river of cataracts and rapids. 
Although it pours down a large volume of water, expanding in places to 
a width of 600 feet, so numerous are the obstructions, that it can never be 
adapted to other than canoe navigation. 

Within the distance of twelve miles from the junction of the before 
described streams two portages occur, but the rapids at these places are 
sometimes run by voyageurs who are acquainted with the channel. 

A short distance below Bad Water lake, two falls occur within the 
space of a little more than a mile, the descent in each case being about 
nine feet.* The portages are short, and both are on the left bank of th$ 
river, and over ridges of chlorite slate. 

. Great Bekuenesec (Smoky) Falls are situated in township 39, range 30, 
and are the most picturesque of all the cascades on the Menomonee. The 
portage is one mile and a half in length; and ^^ within this distance," says 
.Captain Cram, ^^the descent is 134 feet. This amount is divided 
into several chutes, with intervening rapids. The general aspect of 
this series of falls is very picturesque. At every change in the point of 
view, new and varied beauties are perceived." At the lower falls the 
water is precipitated in a sheet of foam from the height of forty feet. The 
river above is compressed between narrow and rock-bound banks, but 
below it expands into a pool 8tl0 feet in width. 

'Within the same township are situated the Little Bekuendsec Falls, 
where the water, in the distance of 250 feet, falls thirty-five feet. The 
portage on the- left bank is short but arduous. The descent of the river 
within this township exceeds fifteen feet per mile. « 

*The heights of the falls on the Menomonee are taken from the report of Captain Cram, of the 
United States topoa;raphicaI corps.-— Vide Doc. 33, 26th Congress, Sd session. 
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Near the west line of township 39, range 29, commence the Sandy 
rapids, which continue for more than a mile and a half. The bed of the 
stream is rocky, but the banks are lined with high dunes of sand, which 
make this portage, which is on the left bank, tne most arduous on the 
Menomonee. The amount of fall here is twenty-one feet. 

In the same township, and about two miles below, occur the Sturgeon 
falls. The descent here, in the distance of one thousand feet, is about thir» 
teen feet. The river is contracted within a span of eighty feet, and 
rushes between perpendicular walls of rock. The portage is on the left 
bank, over a ridge eighty -five feet above the stream, at the foot of the 
rapids. 

Before the construction of the dams near the mouth, the sturgeon as- 
cended the river to this point, beyond which they could not go. Here 
the Indians were wont to resort in great numbers to fish, and the remains 
of their camp-fires are to be seen along the banks at short intevvals. 
Quiver falls are situated in the south part of township 38, range 28. The 
descent is nine feet. The portage, one-fourth of a mile long, is on the 
right bank. The Pemenee (Elbow) falls are five miles below. The 
principal descent is about eight feet, but immediately above are several 
ong and difficult rapids. The portage on the right bank is a mile in 
extent. A short distance below is Chippewa island, (township 37, 
range 28.) Between this point and the junction of the Brule and Machi- 
gamig the country is rugged and broken. Numerous sharp ridges of 
slate, and hornblende and feldspar rocks are seen aggregated to- 
gether, without much system. At most of the portages bare masses of 
rock are exposed, sometimes precipitous, but oftener worn antl polished. 
The soil is thin, and for the most part sterile. ,Fires have swept 
through the woods which once covered the surfoce, so efiectually as to 
leave hardly a. living tree. Blackened trunks rise up on erery side as far 
as the eye can reach. Overr this dreary waste the birch and aspen have 
sprung up, and seem to struggle to gain a precarious support. 

Below Chippewa island the soil is more genial. The valley is occu- 
pied by sandstones and limestones, and we meet with no sharp ridges, no 
exposures of rock, over large areas; but the country stretches out into 
gently rolling plains, traversed by occasional ravines. The river contains 
many rapids, but no fells. 

The JMenomonee is one hundred and twenty- two miles in length, or 
about two hundred including the Machigamig. The whole basin em- 
braces an area of not less than twenty-eight hundred square miles. 

For the purposes of navigation it is comparatively worthless, but it af- 
fords an indefinite amount of water-power. The lower portions of the 
valley are covered with extensive tracts of pine, which are beginning to be 
made available. • 

In this connexion we may mention the St. Mary's pver, connecting to- 
gether the two lakes, Superior and Huron. It is about sixty miles in 
length, flowing first a few degrees north of east, then bending abruptly, 
and flowing a few degrees east of south. Throughout its whole course 
it occupies the line of junction between the igneous and detrital rocks, 
forcibly illustrating to what an extent the physical features of a country 
are influenced by its geological structure. 

About twenty miles from the outlet of Lake Superior, at Saut Ste. Ma- 
rie, the river flows over a sandstone ledge for the distance of three-fourths 
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of a mile. The descent is between eighteen and a half and twenty-one 
feet, dependent on the stage of water in Lake Superior. Above the rapids 
the river shoals gradually from its banks, and the water is not sufficiently 
deep to float a vessel for several rods from the shore. The banks of the 
St. Mary's are low, rising in no place over twenty feet above the surface 
of the water. Efforts have been made, and will doubtless be renewed, to 
induce the government to construct a canal around these rapids, and 
thus connect the commerce of Lake Superior with that of the lower 
lakes. 

This connexion is much to be desired, and it is believed that the en- 
hanced value communicated to the public domain would amply repay 
the expenses of the work. The mere construction of the locks is not all 
that is required. It will be necessary to extend a pier into the river, above, 
the rapids, to protecjt the works' and insure an entrance to the locks* 
This. pier will be exposed to heavy currents, and at times to large accu- 
mulations of ice, and ought to be constructed of the firmest materials, and 
strongly protected. There are two points on Lake Superior, easily acces«^ 
sible, where materials of the most enduring character may be obtained 
for this work. Scovill's Point, at the eastern extremity of Isle Royale^ * 
affords a tough crystalline greenstone, traversed by divisional planes, 
which would assist materially in the quarrying. Vessels could approach 
within a few feet of the rock, and be in a sheltered posidon while load- 
ing. 

The Huron islands, composed of granite, afford, perhaps, a still better 
material. It can be quarried within two hundred feet of the water, and 
delivered on a vessel by means of an inclined plane or with a derrick. 
The islands afford a good harbor at all times. This rock is also traversed 
by divisional seams, which will essentially aid the quarryman in getting 
it out. This granite, it is believed, will become an article of shipment 
so soon as there is a free communicadon with the lower lakes. 

The mouths of many of the smaller streams flowing into Lake Superior 
are silted up with sand and gravel, through which the water filters. In 
other cases, wheije the waves break, for the most part, in one direction, 
the streams are deflected from their true course, and run parallel to the 
shore for a long distance, until the accumulated ba6k-water breaks 
through the barrier and makes a passage to the lake. 
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Mountain9\ 

Motmlauis perform an important part in tfie econamy of nature. While 
rivers have been aptly compared to the veins and arteries in the human 
system, conveying life and energy to the extremities, mountains, with 
equal propriety, may be likened to the spinal column which supports that 
system) giving It form and comeliness. 

They condense the floating vapors and cause them to descend in grate* 
fill showers. They are the repositories of most of the metals used in the 
arts. They determine the direction of streams — they pr^cribe the forms of 
continents. 

The mountains of this region nowhere attain an alpine height. Tbay 
occasionally occur isolated, but are oftener arranged in groups, or in paral- 
lel ridges. 

1. Two granite belts occur in the North we&tr— one foiming the axis be* 
tween the waters of Lake Superior and Hudson's bay; the other between 
l^e Superior on the north and Lake Michigan and the Mississippi rivey 
on the south. The outline of the Canada range is N. 60^. E., though 
subject to minor irregularities. It fornis the rim of the Canada shore ft)r 
m©re than two-thirds of its extent. Tlie summits of this range are gen* 
erally rounded,, and rarely elevated 1,600 feset above the lake. 

On the southern shore, a belt of granite approaches the lake near Dead 
river, and thence stretches westw^ird, sinking down into a somewhat 
broken plain southwest of Keweenaw bay. Its widest expansion is 
about thirty miles* This- belt constitutes the Huron mountains^ 
which in places attain an eleyation of 1,200 feet above the lake* 
They do not range in continuous -chains, but exist in groups, radiating 
from a • common centre, presenting a series of knobsy rising one 
above another, until the summit-level is attained. Their outline is 
rounded. or waving — thejr slope gradual. The scenery is tame and unin* 
teresting. Hemmed in by these knobs, it is not unusual to find nu- 
merous lakes and meadows covered with grass, forming an s^reeable fea^ 
ture in the landscape. These meadows appear at one time to. have beeo 
lakes, which have been filled with the. detritus brought down from thQ 
surrounding hills, or drained in consequence of the water having worn 
down the barriers which existed at their outlets. Towards the western ex- 
tremity of the district, the granite reappears in low ridges, and crosses 
the Montreal within twelve miles of its mouth. There are subordinate 
patches of granite in other portions of the district, attaining no great ele- 
vation, which will be described in the detailed report. 

The metamorphic belt folded around the granite is traversed by numer- 
ous detached ridges of hornblende and feldspar rocks, ranging in ]§. and 
W. direction, and rarely rising riiore than 200 feet above the surround- 
ing country, and present a more rugged aspect than the* granite. A 
quartz range starts from the lake shore at the mouth of Carp river, 
and extends westwardly beyond Teal lake. Its outlines are sharp and 
well-defined, its escarpments bold, with fragments of rock strewn along 
its base. The boundaries of this group are defined on the accompanying^ 
maps. 

2. A trap range starts from the head of Keweenaw Point and runs west 
twenty miles; then, curving to the southwest, crosses Portage lake near its 
head, and the Ontonagon river twelve miles from its mouth, and is 
thence prolonged into Wisconsin. Its length is more than one hundred 
and fifty miles^ its width, from' one^o twelve. Between Iron and Presqu'- 
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Isle fivers a ^pur sTioots off in the form of a crescent, constituting the 
IPorcupine mountains. Another spur branches off from the main chain on 
^he souths and is prolonged nearly parallel with it for twenty miles. TWii« 
?)elt is made up of parallel ranges, presenting step-like or scalar declivities 
-on the side opposite the lake, while the other consists^ of gradual slopes. 
Mount Houghton, ifear the head of Keweenaw Point, rises up like a 
Mlome, to the height of eight hundred and eighty^four feet: the Bohe- ' 
mian mountain^ near Lac la Belle, is little inferior in height. The valley 
»of Eagle river, on the northw^est, is bounded by abrupt, overhanging 
'Cliffs, some of which rise to the height of -five hundred feet above the 
-isurroundifag country. ^ 

In the vicinity of the forks, of the Ontonagon the ditEs are equally bold , 
-and from their smnmits the eye has an almost unlimited range. To the 
west, the trap range is distinctly marked for many miles, and the west 
blanch of that stream flows along its base. The highest and most im- 
posing cliffs are north and east of Agogebic lake. Farther west, the 
langes are less precipitous and more irregular, much of the countiy 
traversed by these rocks consisting of rolling table-lands. 

The highest elevation attained by the Porcupine mountains is one 
thousand three hundred and eighty feet. A remarkable gorge occurs in 
township 51, ranges 42 and 43. This gorge lies abont two miles south of 
the lake, and in that distance the grouDd rises about a thousand feet. 
Suddenly the traveller finds himself on the brink of a precipice five hun- 
' dred feet deep, at the base of which lies a small lake, so sheltered and 
fiemmed in by tile surrounding mountains that the winds rsarely ruffle its 
^surface. Gloomy evergreens skirt its shores, whose * long and pendent 
fcranches are "SO faithfully Te|[ected on the surface that the eye can with 
difficulty determine where the water ends and the shore begins. Prom 
this lake flows the Carp river, and the beholder occasionally catches a^ 
^impse of its-waters as they wind through the narrow valley towards the* 
great reservoir. To the west, and extending for five miles, he sees a per- 
pendicular wall three hundred feet in height — occasionally broken through 
t)y a- transverse gorge^^at the base of which are numerous fragments, 
which have tumbled from the cliffs above. Still further down is to be 
:seen the rich, foliage of the maple intermingled with the dark green of the 
firand cedar>and still beyond succeeds a level plain, stretching out for 
twenty tniles, and clothed with a dense growth of trees; while in the dis- 
tance the Black river hills are seen, blue and indistinct^ resting like a 
cloud upon the horizon; 

That portion of the district occupied by the detrital rocks rarely rises 
three hundred feet above the lake. It is not unusual to see ridges of sand 
and clay forming considerable elevation3. The Grand Sable is a re- 
markable accumulation of this character, rising to the' height of three 
hundred and forty-five feet. Point Iroquois, at the outlet of the lake, is 
thi^e hundred and fifty feet in height, and composed wholly of transported 
tnalerials. 
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TkefoUfming list eomprisesthe heights of some of iheprindfolpoinis'in 
the vicinity of Lake Superior. The surfa^ce of the lake is assumed usp 
the base limey which is b21 feet above tide-water^ 

J^oriketH 9hon {from Ba%fieW$ dmrt,y, 

* . Feet, 

Pie island ^. ^....* *..... .^r** ^... 850 

McKay ^8 mountain . . • ^ ^. 1, OOO 

Thunder cape '. 1,35Q 

St. lenace (estimated) ^ «. r • . . . ^ r .»•»•• 1 , 300 

XjesPetitsEcrits.... ^^ r. *..^ ».»... 850 

Pic island .760 

Michipicoten island • * 800 

Gn)» Cap (estimated); .r.. .••..,,•••»... ...^..... 700 

Keweenaw Point, apprcximalel}^ ^ermined by barometer wider Dr. Jackson. 

Township 58, range 28y> southwest quavter sectioh 1, conglomerate ridge .••••.••.. «^, .. • 641 

Do, .do section 5, Manganese lake ..»..•... 136 

Do do .... . southwestern quarter secf ion 5*, trap range •.•.>• .■ . 307 

Do. ...... .do line between 12 and 13 .•••. .......••..» 467 

Do .do southwest quarter of IB. S5li2 

,Do do line between Id and 20... ....-r..... ;... *•.• 330 

Do do southwest quarter of 20 370 

Township 59, range 28, Brockway^s mountain ^ .r.... ^r... 42^ 

Township 58, range 29, section M, Montrealriver .......••..•.• ». . . • r. r . . . . r . . . 284 

Township 58, between ranges 23 and 24, Mount Houghton >-.•.•. 884 

Township 58, range 29, Bohemian mount, at Lac la Belle. ..•••••• 864 

Township 58, range 30, conglomerate ridge, ba'ek oA Grand M8frai8> ......^ .•••.•• 659* 

Do. ..... . .do.. . • . .between sections 9 and 10, trap ridge ••........ «... 316 

Do do *do 15 and 16, trap ricf^e .«.. 730 

Do do... do 15 and 16, Little Montreal river 535* 

Do. ...... .do. . . • .northeast corner of section 21 • »........» 560 

Do .do northeast corner of section 28'. ......••. 568 

Do do northeast corner of section 33 .^. ..•.••»••.• 696 

Township' 57, range 30, between sections 5 and six near Gratiot lake 294 

Township 58, range 31, soutfh west quarter section 1 1', Copper Palls mine ..• ,r«« 225 

Do. ...... .do. • • . .south line of section 14.... ».•.....». 825 

Do ..do section 24, Northwest mine ..••• . . 630 

Do.. ...... do sectioTi 30, Phoenix mine .-...r , 247 

Do. ..... . .do. .'. • .section 36, south boundary. r.. 749 

Township 57,range 31, section 1, trap range. ..r..^ •••; $43 

Po...,....do section 1, south boundary.... ...••....^... 611 

Township 58, range 32, southwest quarter section 36, Cliff mine. 588 

Do do office ^ 399 

Township 57, range 32, northwest quarter section 1, North American mine •-• • • . • . 395 

Do, ...... .do*. • . . .southwest quarter section 2, Albion bluff. .....*.. 800 

Do. do. . . . .northwest quarter secton 11, Albion mine 547 

Do. .•••«• ..do. • •• .office •.•••.*........ ••■•»•• »•»«...••• .«r. ••. .a.. ..• • ^ 

Do. .^ •..«... do south boundarjr of 28 •••,..•...»#•••••-•»•• 388 

D<^. • do south boundary of 33. .••<••••.••••••....••• • •••••... 47& 

Tovn8hipS6| range 32, section 7, Forsyth mine »»•».•...•..»•• ...r......^.**. 530 
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CHAPTER IL 

Oijetfs tmhrated. — Metetxrohgy. — Effects tf the hkes in equalizing the, 
temperature. — Meteorologicell registers y at various stations. — Mean a^$- 
ntcal iemperaturej and that of summer and winter. — Amount of rain. — - 
Churse of the winds. — Comparison of the climate in equal latitudes in 
BSttrope. — Charatter of the tfegetation* — Range of the cerealia. — Os- 
dilations in the lakes. — The caitse. — Periodic rise — Temperature and 
transparencf/ of the water of Lake Superior. — Evaporation. — Mirage. — 
Variation of refraction. — Frosts. — Thunder-stonns. — Auroras. 

Meteorology^ — In treating of the climate of this region, we shall use that 
term in its most extended sense, as comprehending, according to Hum- 
boldt, all the changes in the atmosphere which seriously affect our orgauis — * 
2US temperature, humidity, variations in the barometrical pressure, the calm 
etate of the atmosphere or the action of opposite currents of winds, the 
amount of electric tension, the purity of the atmosphere or its admixture 
*with more or less noxious gaseous exhalations, and, finally, the degree of 
ordinary transparency and clearness of the sky, which is not only imjk)rt* 
amt with respect to the increased radiation of the earth, the organic de- 
velopment of plants, and the ripening of fuits, but also with reference 
to its influence on the feelings and mental condition of men.^ 

To this great physicist science is indebted for having first suggested 
a system of lines, called isothermal, isotheral^ and isochinwtial^ con- 
necting those places where the mean summer, winter, and annual tem- 
peratures have been ascertained. Th«se lines are by no means parallel, 
various causes conspiring to produce divergencies — such as altitude above 
the sea, the geographic^ configuration of a country, the presence or 
absence of large bddies of water and of moimtain chains, the purity of the 
sky, and the {nrevaiUng direction of the winds. 

Isothermal lines define the heat and cold of the earths The line 59° P. 
traverses the latitude of 43° in western Europe, but descends to latitude 
36° in eastern America. The isothermal line of 41° F. passes from lati- 
tude 60° in western Europe to latitude 48° in eastern America. 

The piesenoe of so vast a body of water as is afforded by the Ameri- 
can lakes modifies the range of the thennometer, lessening the intensity 
of the cold in the winter and of the heat in the summer. By the freezing ot 
the water, a great volume of heat is evolved, and the intense cold of the 
north^n winds is somewhat mitigated in sweeping over the open lakes. 
In the summer, when the sun, often with unobscured lustre, shines for 
sixteen hours in twenty-four, the intensity of the heat is modified by the 
• breezes which are cooled in their passage over the sur&ce of the lakes, 
the water of which is always at a low temperature. 

To show th^ equalizing effects of the lakes on the climate, we need 

*Am» CenUGile— Tome IIL 
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Fort Howard 
Fort Snelling 



Latitnde. 

. 44^40' 
. 44<^53' 



only refer to the mean temperature of Fort Howard, on Green bay, and 
Fort Snelling, on the Mississippi: 

MeanT«. Winter. SumroerT. Range of Ther. 

440.3 200.5 670.T —16 +990 
440.8 160.3 T2O.0 —23+116? 

Thus, during the winter, the mean temperature at the former post is 
higher; but during the summer it is lower, while the annual temperature 
is nearly the same. The former is situated ih the proximity of large 
bodies of water, which essentially modify the temperature; while the lat- 
ter is in the midst of a vast plain, with no mountain chains to break the 
force of the winds* * ' 
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' Fiom these tables we derive the following results : That the mean an- 
nual temperature of Fort Brady is nearly two degrees lower than that of 
Fort Wilkins, although the latter post is nearly a degree farther north. 
This difference arises from the insular position of Keweenaw Point, which 
is surrounded on three sides by water. 

That, while the annual ratio of rain which falls at Port Brady is' 29.6 
inches, at Fort Howard it exceeds 35 inches — an excess which cannot be 
accounted for by the dlffereRce in the mean temperatureof the two places, 
but results from the prevailing direction of the winds ^ for while the N. 
and NW. winds prevail at the former post for more than one-third qf the 
year, the S. and SW. prevail for a longer period at the latter.* 

That, while there are more rainy days at the former post — the ratio being 
as 118 to 86 — the showers at the latter are more copious. 

The direction of the winds is undoubtedly determined, in some degree, 
by the configuration of the country, pursuing the courses of the lakes. 

The observations at Fort Wilkins and Mackinac do not extend through 
a sufficient number of years to enable us safely to institute comparisons. 
So far as relates to the annual amount of rain, they are defective. 

In the subjoined table we have given the mean temperature of the year, 
and of the winter and summer, in corresponding degrees of latitude in 
western and southern Europe; also, the latitudes of places where the 
several lines of temperature correspond with those of the stations before 
given. 

The first number in the column of temperature represents the mean 
annual temperature; that which stands in the place of a numerator, the 
mean temperature of the winter, while the denominator represents the 
mean temperature of the summer. The European observations are from 
Baron Humboldt's tables. 

. From these observations it would appear that the lines of equal tern* 
perature on the western coast of Europe, without reference to the elevation 
above the sea-level, arc about 13° farther north than in the vicinity of the 
lakes. The climate at Fort Brady, during the whole season, corresponds 
in a remarkable degree with that of St Petersburg; indeed, the difference 
of temperature is less than between Fort Brady and Fort Wilkins. While . 
the hills in the region of Fort Brady support a dwarfish growth of tere- 
binthines, (resinous trees,) those in the vicinity of Nantes, in a nearly 
corresponding latitude in Europe, are covered with the vine. 

^Hamboldt has eiven the followvig as the proportional quantity of rain in different latitudes : 
0. Mean annual depth -------96 inci ^, 

19. " »* " - % - - - - - 80 " 

45. " « «« - 29 « 

e». •« «« ♦« . • - - - - • - IT " 
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TbbU showing the mean temperature qftiis year^ and of winter and eum» 
moTy in conespending latitudes in Europe -and America. 



Latitude. 



470 27' 
480 50' 
6O0 27' 



' 460 30' 



470 13' 



S90 M' 



450 50' 



450 28* 



5S0 51' 



440 40' 



440 50' 



&$o 41' 



Adjoining the great lakes—- 
height above sea. 



Europe— height above sea. 



WMi*«-MM>a^Vi>^-*« 



Fort Wiikins-^^r. 



\ 



Port Brady— 640, 



p*»^»— '1 1 1 1 



Fort Mackinaco728. 



Fort Howard— 600 



Pari8^322. 
Abo— 0.... 



Nantes— 0.. •••••« 
St. Peteraboigw^ 



Rtfiiaii— 390. 



Upeal— 



Bordeaux — 0. 



CopeDhagen — 



Mean tempera* 
ture of the 
year, of sum- 
mer and wia- 
ter. 



4104 
510.6 

40O.2 



210.1 

61®. 4 

370.8 

640.6 

200.8 

380.3 



■\ 



390.8 
540.6 
380.8 



170.6 

6lo 7 
40''.4 

680.5 
170.6 

620.6 



" I I » 



410.6 



550.7 



420.8 



28R5 

630. 7 
380.2 

730.4 
240.9 

6dP.2 



440.3 



570.2 



450.6 



200.5 

670.7 

42^8 

710 2 
30O.7 

620.6 



Difier^ 
eace. 



■ ■•I ■ ♦■ 



100.2 



110.4 



1 



.140.$ 
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150.8 



► 140. 1 
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12«>.9 



1 



120. § 



110,6 
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The cer«rffer, or common grain, such as wh^at, lyey oats, and barley, 
thrive where the mean annual temperature descends to 28® P., provided 
that of summer rise to 52° or 63°. The rapid growth of barley and oats 
adapts them to the short summers of the north; they are found as high as 
latitude 69° SC, in Lapland, along with the potato. Wheat, which is a 
precarious crop, and little cultivated above 58° in western Europe, jiields 
good returns in the temperate zone, when the mean heat, while the graiii 
is on the ground, is 55^; but if no more than 46°, none of the eerealia 
come to maturity.* Indian com is a precarious crop beyond latitude 46°. 

From the tables above given it will be seen that the temperature of this 
climate is fevoraWe to the growth of the cerealia. 

Annual plants, remarks Sir John Hooker, which require heat during 
the summer to ripen their seeds, and which pass the winter in torpidity, in 
the state of grain, indiflferent to the intensity of cold, abound most in those 
region? where the extremities are greatest; whilst the perennial plants, 
which can better dispense with the maturing of their seeds, and whichare 
injured by the severities of winter, affect the tempemte climates. Of these 
again, those kinds w^ich have deciduous leaves accommodate them^ 
selves best to unequal temperatures; whilst the individuals on which the 
foliage remains, or evergreensy givB the pre?erence to districts where the 
temperature is more constantly equal. Thus, while the shores of the lake 
are fringed with snruce, balsam, fir, and cedar, the interior of the district 
produces the maple, the yellow birch, and the ash. 

At Fort Brady, the annual ratio of fair days is 168; of cloudy days,* 77; 
rainy days, 71 ; of snowy days, 47. 

The average amount of rain which fells at Port Brady is 2^.6 inches; 
at Port Howard, 35.7 inches. These results exhibit a discrepancy which 
cannot be fully accounted for by the difference in the mean temperature 
of the two places. The prevailing direction of the winds at the two places 
may be the true cause. At Fort Brady northwest winds prevail, while 
at Port Howard southerly winds predominate. 

Phenomena of the waters. — Lake Superior possesses all of the sublimity 
of the ocean. In gazing upon its surface, whether stretched • out like a 
vast mirror, reflecting the varying tints of the sky, or ruffled by gently*, 
ciirlingp waves, or lashed by the fury of the storm, the beholder is alike im- 
pressed with a feeling of the grand arid the infinite. During a residenee 
of several summers on its borders, our attention has been directed to the 
fluctuations in the level of its waters; and, while we have failed to des- 
tect any ebb and flow corresponding with the tidal action, we have, 
on the other hand, noticed certain extraordinary swells which appear to 
be independent of the action of the' sun and moon. 

These risings attracted the attention of the earliest voyageurs, and they 
have not failed to record their observations with a minuteness worthy of 
commendation. 

' In the Relation for 1670-^71, Dablon uses the following language: "As 
to the tides, it is difficult to lay down any correct rule. At one time we 
have found thffmotiop of the waters to be regular, and at others extremely 
fluctuating. We have noticed, however, that at full moon and new moon 
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Ifae ttiaA diango <mee.a - day for eight or ten dajfs, wbilei^dnring thenre- 
tnainder of the time there is hardly any change perceptible^^ Three things 
are remarkable: 1st, that the currents set almost constantly in one direc- 
tion, viz: towards the lake of the Illinois, (Michigan,) \irhich does not pre- 
sent their ordinary rise and fall; 2d, that they almost invariably set agmrisi 
the wind — sometimes with as much force as the tides at Quebec — and we 
have seen ice moving against the wind as fast as boats under full sail; 3d, 
that among these cunents we have discovered the emission oi a quantity 
of water which seems to spring up from the bottom ?'' 

He supposes that this results from an underground discharge from Ld^e 
Superior, and asks, if otherwise, what becomes of the W(crs of Lake Su- 
perior, and whence come the waters of Lakes Huron and Michigan ? 

Imthe Relation for^e year 1671-'72, Father Andre thus speaJis of the 
movements of the waters: ^^1 had not partaken of the opinion of those who 
believe that the lake of the Hurons has an ebb and flow like the Sea, be- 
cause I had not noticed anything very regular during the time L'passed 
en its borders; but I began to suspect that there might be tides in the bay 
of the Skunks (Green bay) after having crossed Wild Rice river, (Menom- 
onee.) We had left our canoe afloat, the weather being caUn. The 
following morning we were very much surprised to find it on dry ground, 
I was the more astonished, since I had noticed that the lake had been for 
a long time tranquil. From that day 1 resolved to iaiwstigate the causes. 
The first thing I determined was, that the contrary wilds, although mod- 
erate, did not prevent the flux and reflux. I noticed, besides, that in the 
river (Fox) which empties into the head of the bay the tide rises and sinks 
twice in somewhat more than twenty- four hours. The ordinary rise is 
one foot;, the highest tide I saw caused the river to rise three feet, but it 
was accompanied by a violent northeaster. Unless the northwest winds 
be very strong, they do not prevent the river from flowing down; so that 
.the discharge is from the middle of the bay — ^the water rising at each end^ 
according to the hours of the tide. 

'^ We must not be surprised to find this flux and /eflux stronger at the 
head of the bay than on Lake Huron or Illinois; for, supposing the tide to 
he only one inch in those iakes, it must of course be more inarked in this 
bay, which is from fifteen to twenty leagues long and from five to six in 
width, and grows narrower and narrower, whereby the water, "being re- 
duced to a small space at the head of the bay, must necessarily rise much 
more than in the lakes, where the space is the widest." 

The late Governor Clinton collected a mass of evidence relating to these 
sudden risings, which is embodied in a memoir communicated to the New 
York Literary and Philosophical Society;* but, as it is not generally acces- 
sible, we will avail ourselves of the most important facts. 

L'Hontanf records the following incident: "On the 29th of May, 1689, 
we came to a Utde deep sort of river, which disembogues at a place wheie 
Ae water, of the lake (Michigan) swells three feet high in twelve hours, 
and decreases as much in the same compass of time. Our tarrying there 
three or four days gave me an opportunity of making the Kmark." 



•Vol. II, p. 1. 
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tJhsarkvoix,* who tw^^rwd tfee fek«» aearly aoeiMxiiry ago> ia reftffence 
la Ijake Ontario^ says: ^4 observed that in titislake, and I am totd that 
the same thing happenia m all the re^t^ there is a sort of &ax and r^ux:, 
^nlostin$tantanagus — the rocks near the banks being coviered with water, 
9fiA again uncovered, several times in the space of a quarter of an hour^ 
evien if the surface of the lakq was very calm> vr'}fh scajfoe a breath of 
wind* After reflecting some time on this appearamce^ / imagmed it was 
^wing to springs at (he bottom of the lakcy ondfy) the shock of tikeir cutrents 
frith tliose of the rivers which fall into them from uU si^ks^ mui thus pro-* 
<ii/CB tliBse intermitting mvtious.^^ 

Mackenzie, who wrote in 1789,t remarks; "A very curious phenomenon 
was observed at the Grand. Poftage, on Lake Superior, for whiah no' 
obvious cause could be assigned. The water withdrew with great pre- 
cipitation, leaving the ground dry, that had never before been visible— the 
feU bSng equal to four perpendicular feet — and rushing back with greaut 
velocity above the common ma^k. It continued thua rising and falling 
6yti s^veiai hours, gradually decreasing until it stopped )at its usual 
beight" 

-, Tbefollowdng incident is related a$ having happened to CQk>nel Brad- 
street, who commanded an expedition against .the westetn lediaos In 
1764: ^^ In returmng by way of Lake Erie, when about to land the troops 
one evening, a sudden swell of the lake, ^without any visible ' cause, de- 
stroyed several of his boats; but no lives were lost. This extraordinary 
event was looked upon as the precursor of a storm; and accordingly one 
goon occurred, which lasted several days," 

The following occurrence is reUted by Governor Clinton^ in the memoir 
.before referred to: "On the 30th of May, 1823, a little after sunset. Lake 
JBrie, on the British side, wais observed to take a sudden and extotordinary 
arise, Uie weather being fine and clear, and the lake calm and smooth. It 
.was principally observed at the mouths of Otter and Kettle oreeks, which 
are twenty miles apart. At Otter creek, it came in without the least previ* 
ous intimation, in ja swell of nine feet perpendicular he^ht, acs was aiiter>> 
wards ascertained, rushed violently up the chjannelj drove a> sKshocnier 
of 35 tons burden from h^ moorings, thretv her upon high ground, and 
xoUed over the ordinary beach into the woods, completely inusidatiog all 
of the adjacent flats. This was followed by two.athers of eqfial height^ 
iWhieh caused the creek to retrograde a mileanc) a half^ and to overflow its 
banks^ where water never before was seen, bjr seven or eight feet. The 
tiH>ise occasioned by its rushing with such rapidity was truly, astonishing. 
It was witnessed by a number of persons. 

"AtKetlie creek, several persons were drawing a fishnet in the laloe, 

when suddenly they saw the water coming upon them in the mainner 

, above, described, ac^ijl^itiing g^ their net, theyranfoj? their lives • The 

•sweil overtook them before they could reach the high bank^ and swept 

:th0m forward with great force, but, being ex|)9rl swimmem, they, escaped 

nnfauxt. The man who was in the skii* pulling in the sea^liae/^as drive© 

with it a considerable distance over the flat, and grounddd on a siao^ll 

eminence, where he remained until the water sukdded. There were 

three successive swells, as at Otter creek, and the effects were the same, 
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with this diflTerence: the water rose only seven feet. In both cases, ftie 
lake, after the swells had spent their force, gradually subsided, and ia 
about! twenty minutes was at its usual height and tranquillity. '* 

In 1820, Governor Csess instituted a series of observations at the head of 
Green bay to determine the changes in the water-level." Thes^ observa- 
tions extended fron^ the 15th of July to the 30lh of August; and the 
following are the results: ** That the changes in the elevation of the waters 
are entirely too variable to be traced to any r^ular, perrnanent cause f and 
that, consequently, there is no perceptible tide at Green bay, which is the 
result of observation. And such, it appears to me, is the result of calcu- 
lation, when the laws that regulate solar and lunar attraction, and the 
limited sphere of their operation, are taken into view.''* 

Professor Mather, who observed the barometer at Copper Harbor dimng 
the prevalence of one of these fluctuations^ has published the results of 
his observations in the journalf before alluded to. He remarks:^^As a 
general thing, fluctuations in the barometer accompanied the fluctuations ia 
the level of the water; but sometimes the water-level varied rapidly in the 
harbor, while no such variations occurred in the barometer at the place of 
observation. The variations in the level of the water may be caused by 
varied barometric pressure of the air on the water, either at the place of 
observation or at some distant points. A local increased pressure of the 
atmosphere at the place of observation would lower the water level where 
there is a wide expanse of water, or a diminished pressure under the same 
circumstances, would cause the water to rise above its usual level. ^' 

In the sunmier of 1834, an extraordinary retrocession of the waters took 
place at Saut Ste. Marie. The river here is nearly a mile in width, and 
the depth of water over the sandstone rapids is about two and a half feet. 
The phenomenon occurred about noon. The day was calm,^ but cloudy. 
The water retired suddenly, leaving the bed of the river bare, except 
for the distance of about twenty rods, where the channel is the deepest, 
and remained so for the space of an hour. Persons went out and caught 
fish in the pools fonned in the depressions of the rocks. The return of 
the waters is represented to have been sudden, and presented an impo- 
sing spectacle. They came down like an immense surge — ^roaring arid 
foaming; and those who had incautiously wandered into the river-bed 
had barely time to escape being overwhelmed. Our infbrmants were 
unable to state whether this occurrence was succeeded by a violent wind 
or storm; but they all concurred in representing the day as calm. 

A similar phenomenon occurred twice the same day, in the latter part 
of April, 1842. The lake was free from ice, and no wind was prevailing 
at the time. A ffew years previously — the precise period our informants 
could not designate — the {current between the foot of Ihe rapids and Fort 
Brady, which usually flows at the rate jf two and a half knots an hour, 
was observed to set back, and the water rose two feet or more above the 
usual mark. Some of the soldiers at the fort, in order to satisfy themselves 
as to the backward flow, jumped into a boat and rowed into the streatn, 
when they found that the boat floated towards the foot of the rapids. 

^Remarks on the supposed tides ^nd periodical rise and fall of the North American lakes, hj 
Majpr (now Brigadier General) Henry Whiting, Sillimao's Journal, vol 20, p. 2. * 
^e. also, a paper by General H. A. S. Dearm>fn in the same journal, vol 16. 

t Second series, vol. 6, July, 1848. 
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These facts are given on the authority of Messrs. Ashmnn, Peck, and 
Bingham — old residents of Saut Ste. Marie, 

We have witnessed numerous instances of these ebbings and flowings, 
Arhich will serve to corroborate the above facts. In the month of August, 
1845, while coasting in an open boat between Copper Harbor and Eagle 
river, we observed the water rise up, at a distance of a fourth of a mile to 
the northwest, to the height of twenty feet. It curled over like an 
immense surge, crested with foam, and swept towards the shore, diminish- . 
ing as it advanced. The voyageurs paused on their bars, having first , 
headed the boat so as to ctit the advancing wave. It passed without 
doing us any injury, and spent its force on the shore. It was succeeded 
by two or three swells of less magnitude, when the lake resumed its 
former tranquillity. The cause of this uplift was apparently local, and 
operated but for a few moments. It could not, like the bore at the niouth 
the Amazon, have been produced by opposing currents. It was late in 
the afternoon when this phenomenon was observed. The lake .was calm; 
but to the nbrthwest the clouds indicated that different currents of air 
were moving in opposite directions. Mirage was beautifully displayed, ' 
and imaginary islands were seen along the horizon. 

While at Rock Harbor, Isle Royale, in the summer of 1847, we wit- 
nessed the ebbing and flowing of the water, recurring at intervals of fifteen 
or twenty minutes, during the entire afternoon. The variation was from, 
twelve to twenty inches; and we took advantage of their recession to 
catch some of the small lake fish which were left in the jwols. The day 
was calm and clear, but before the expiration of forty-eight hours a violent 
gale set in. 

On the 23d of July, 1848, we went from Copper Harbor to Eagle river, 
where we arrived in the evening. The day had been calm — so much so, 
that we wer6 unable to avail ourselves of our sail. In the evening there 
sprang up an off land breeze, but we observed a stjong current setting in 
to the river from the lake. The water rose and fell rapidly. The next 
day a storm conimenced and continued for four days. 

On the 29th of July, 1849, we were at Rock Harbor, Isle Royale. The 
wind was light, and a drizzling rain fell all day. • The next day, how- 
ever, a heavy northwester set* in — so heavy, indeed, that the propeller 
then lying in the harbor did not venture out. On the opposite side of 
the lake, at Copper Harbor, (July 29,) the water was observed to fluctu- 
ate at intervals, varying from ten to twenty minutes, and rising higher 
and higher at each return, until the wharf, placed above the range of the 
highest stage, as was supposed, was overflowed, as well as the road lead- 
ing to the warehouse^ This continued throughout the day. At Eagle 
river, twenty-five miles distant, the same fluctuations were observed. 
The wind, which was not heavy, came from off shore,, and was therefore 
opposite to the current from the lake. The next day, as at Rock Harbor, 
there was a heavy blow from the northwest, the tendency of which 
would be to accumulate the water on the south shore; but it did not rise 
as high as on the preceding day, when the wind came from an opposite 
quarter. These facts show conclusively that these i?wells, although they 
precede the winds, do not owe their origin to this source. 

This will appear more satisfactorily by Consulting a map as to the rela- 
tive position of. the points above mentioned. Isle Royale is about 39 
miles distant from the northern and western coast of Lake Superior. Cop- 
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per Harbor is about 60 miles distant fr<>m Rock Harbor, in a sout^i sontlf* 
east direction. Thus, while these fluctuations were observed at the latter 
point, the storm had not struck the lake on the Canada side. 

Similar occurreoces have been noted in other part? of the world. The 
fluctuations, in the Lake of Genefva, which are there called seiches, un- 
doubtedly belong to the sanie clas$ of phenomena. 

I'he intelligent travejler., Von Tschudi,* thus speaks of a singular phe- 
. iiomenon which has in later times often occurred at Callao, and which ^ 
in 1841, be had an opportunity of observing: <^4^^^ ^^^ o'cloqk in the 
morning, the sea flawed from the shore with greater force than m the 
strongest ebb; the ships farthest oqt were left dry, which is never the 
case in ebb tide. The alarm of the inhabitants was great, when the so^i 
instantly rushed back with increased force. Nothing could withstand 
its fiiryfc. Meanwhile, there was no commotion of the earth, nor any 
marked change in the temperature." 

The great wave frequently observed off Capeljom and the Cape of 
Good Hope by mariners may belong to the same class of phenomena. 

We have already given Charlevoix's theory to account for thtee fluc- 
tuations. It may be ingenious, but is not even probable. Governor 
-Clinton i^as. disposed to regard them as the result of earthquake nOiOve- 
mehts. If so, a commotion of the land would have been noticed.^ The ' 
facts adduced seem to coiinect these phenomena with a disturbed iSate of 
•the atmosphere, since they are, for the most part, succeeded by violent 
gales. HumboWt remarks that the regularity of hourly variations of the 
magnetic needle and the atmpspheric pressure is undisturbed on earth- 
quake days within the tropics. Von Tschudi says, that in seventeen 
observations which he made during the earthquakes of Lima, with a good 
Lefevre barometer, he found, in fifteen instances, the position of the mer- 
cury quite unaltefed. On one occasion, shortly before a commotion, he 
observed it 8.4 lines lower than it had been twenty-iour hours before. 
Another time he observed, also on the approach of the shock, a remarka- 
ble rising and sirikiug.. 

We.niay regarll the earth as surrounded by two oceans— one aerial, the 
other, aqueous. By th^ laws which regulate two fluids thus' relatively 
situated, a local disturbance in the one would produce a corresponding 
. disturbance in the other, Every rise or fall of one-twentieth of an inch 
in the mercuriaJ eolumn would be attended with an elevation or depres- 
sion of the surface of the ocean equal to one inch.f Again, as has beea 
remarked by De la Beche,J a sudden impulse given to the particles of 
water, either by suddenly increased or diminished pressure in the atmos- 
phere, would cause a perpendicular rise or fall, in the manner of a wave, 
beyond the height or depth strictly due to the nlfere weight itself. This 
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t Wfeevdl on Tidtea. , 

I De la Beohe, (Survey of Cornwall,) quoting: from the manuscripts of Mr. Walker, who 
liAs deroted much time to the obserration of tides, saya; '* He has found thot ohnnges in the ' 
keisfhtsof the water's surface, resulting from changes inthe-f r^s^ure of the atmosphere, are ofc^n 
Botieed on a good tide-gauge before the barometer gives notice of the change. * • ♦ ]f tfde* 
gauges at important dock-yards show tHat a sudden change of sea^evel hf»s takdn pla6e, indi««i« 
tive of suddenly decreased atmospheric weight, before the barometer has given BoUpe of suph a 
change, all that time which elapses between the noticei given by the tide-gauge and barome- 
ter 18 so much gaii^ed $ abd those engaged with shipping knOw the valud of even a few mo* 
o^ent^ before the burst of an approwchtng narrieane.'* 



suft^n iittpitfee wotild giTfe rise to «i fei^ries 6f siqufeoB^ waT«s, which 
would i>ropagate themselves from the centre of disturbance, like the cij:r 
des which are observed when a stone is ca^ intoHre water. These un- 
dulations are perceived in the liquid before the gale sets in. It i* 
not to be expected that the oscillations in the barometer, in all instances! 
will correspond with those of the water; for Mr, Redfield has shown thiat 
storms have sometimes been preceded by an unusual pressure of the at-> 
mospherc, the barometer standing lettiarkabiy high, lahd hence he has in- 
ferred that there exi-sted around the galfe-an acdimulation of air, under a 
great degree of pressure, forming a margin. It may frequently happen, 
that while the effects are perceived at thfe'|)lace of observ^on, the causfi 
may be fiir removed. 

Many persons Who have resided (fti the borders of the lakes maintain 
that, aside frohi the annual variations in the height of their surfaces, 
Aere is a more exteftded oAe recarring at intervals viryiig fiom five to 
^ven years, while others extend the period to fourteen. The gieatasait 
height of water heretofore observed is about six feet, j The ^v«atistic» 
which have been published* in- reference to this rise indicate that the 
variations in the water-level in a series of years are considerable, but that 
thejr do aot recur at regular intervals. The meteorological registers kept at 
irarious stations show that the glnnual amount of rain which falls over a 
given area is extremely variable. Thus, at Port Brady, where the mean 
of five years' observations is 29.58 inches, the extremes are 36.92 and 
22.44. 

Again, Hhe season In the basin of Lake Superior may be rainy, while 
that in the region of the tributaries of the lower lakes may be dry. and 
vice versa; and thus the lower lakes might be on the rise, while their tribu- 
taries failed to discharge their usual volume of water. In proof of thi* 
diversity of humidity, it may be mentioned, that during the year 1848, an 
unusual quahtity of rain fell in the basin of Lake Superior, and all of its 
tributaries were swollen. The lake was gradually rising when we left in 
September, and at that time had attained a point higher than had been 
ebserved for three years previously. On reaching Lake Michigan, in 
October, we found that that lake began to be sensibly affected by 'the iu^ 
creased volume of water dischaiged through the St. Mary's river. On 
arrivi&g at Cincinnati, the Ohio river was observed to be contracted to 
tess than half its usual voUune, so that only the smallest class of boats 
^u)d navigate its waters. 

if meteorological observations were kept at different stations extending 
through the entire^ region drained by the great lakes, it would Undoubt- 
edly be found that the variations in the water level corresponded with the 
variable amount of rai^lover that area.f 

A larger portion of the tributaries of Lake Superior have their origin in 
a region covered for two-thirds of the year with ice tod snow. Laie in 
May the icy fetters are unloosed, and the lake commences ri^ng, and con* 
tiuues 10 rise until the last of September, when it attains its maximum 

*Vide the memoir of Governor Clinton before referred to ; Michigan Geok)gioal Reports; ' 
Ohio Geoiogical Report*, 1638. 

fThe surface of Lake Superior, on the 12ih of August, 1849, was 23^ inches higher than in 
May, 1647. 
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It then recedes gradually until the streams begin to discharge, their spring 

ipods. 

^Snow uSually conaitences felling as early as the middle of October, and 
^ the ground is covered before the frost has pepelrated. to a great depth. 
The apiount of snow during the season has been represented as high as 
thirty feet; but, in consequeuce of its evaporation, and its change from a 
cryslidline to a granular form, known as mve^ it settles, and the actual 
dl^pth on ftie ground rarely exceeds four feet. Trappers, in crossing the 
Unland lakes in midwinter, often break through, so slight and unstable is. 
the covering. / 

^ * The temperature tof the water of lioke Superior during the summer, 
a fat)lom or two below the surface, is but a few degrees above the 
freeaang point. The following observations show the temperature of 
the vater at different times in different parts of the lake. In the western 
ponion, the wopr is colder than in the eastern — the surface flow becoming 
Wttnmr as it advances toy^ards the outlet. The water in these experiments 
was tak^m from, (he sur;&ce. 
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-To the south of Caribou Island - 
-In Sand Bay . . . 

-Between KJeweenaw Point and 
Isle Royale - . - 
Aug. 13, 1849.^-Midway in Keweenaw Bay 



June 30, 1849.- 
July 8, 1849.- 
July 28, 1849.- 
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During the severe winters, the surface of the lake becomes congealed*. 
When a gale sets in, the ice is seen to undulate and break, and the water 
to gush through the fissures, until finally the whole mass is set in molion — 
the fragments clashing against one another, accompanied by loud reports^ 
like volleys of musketry. Long parallel ridges of ice, fifteen or twenty 
feet in height, are piled up along the shores. We can readily conceive 
how masses of rock thus entangled might be carried for considerable dis- 
tances when the ice becomes detached and floats off, and how a cliff might 
be scratched and grooved. 

The waters of the lake possess great transparency, and a tin cup may 
be seen to thedepth of ten fathoms. Cosi^ting along the sl^ores in a calm 
sunlight day, and looking over the gunwale of the boat, the voyageur 
seems to be suspended over the floor of the lake, and every fissure in the 
rock, and every slittering pebble is revealed with wonderful clearness^ 
The light streaming through the transparent medium tinges every object 
with a brilliant hue. 

The evaporation from the surfaces of the lakes must be immense. The 
combined area of Lakes Superior, Huron, Michigan, and Erie is about 
87,000 square miles, and of their basij:is not less than 335^515 square 
miles. 
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It bas been ^timated that the cpiantit^r of waler paesitig into Che 
Niagara. riv«* at Black Rock is 22,440,000 cubk feet per ipinute,or about 
SOJ cubic miles per annum,* This is equimlent ic^feeen inches^rpefi- 
idicular depth, of water spread over the area of the whok country drained. 
The annual amount of rain wliich falls within this area -is about thirif ' 
inches. One-half, therefore, of the water which falls wiuiin the basirf 
of the upper St. Lawrence is taken up by evaporation, amounting to 

11,800,000,000,000 cubic feet.t . . 

At Saut Ste. Marie, the outlet of Lake Superior, the spectator beholds a? 
tiver nearly a mile in width, and of sufficient depth to float the target 
TesseL In its onward progress^ it winds among inniimerable islands^ and ' 
ultimately discharges itself, by several mouths, into Lake^Hiiron* At 
Fort Gratiot, he sees the same river, und^ another name, after having re- . 
<seived all of the tributaries of Michigan and Huron, contracted to a width 
of little more than three hundred yards, but of increase4 depth, afad he 
£nds it difficult to realize that it is the same river which he saw three bun- 
dled miles above. . 

So, too, the voyageur who has coasted around Lake Superior Imd gaused 
the streams which pour their anriual floods into the great reservoir, when' 
be stands on the brink of Niagara, and witnesses the fearful plunge of the 
cataract, is induced to inquire what has become of the superfluous water. 

The diJfference between the temperature of the air and the lake gives 
rise to a variety of optical Illusions, known as mirage. Mountains are 
seen with inverted cones; headlands project from the shore where none 
existj islands, clothed with verdure or girt with cliffs, rise up from the 
bosom of the lake, remain a while, and disappear. In approaching Ke- 
weenaw Point, Mount Hougb,ton is the first object to greet the eye of the 
mariner^ Its dome-shaped summit serves as a landmark- to guide him 
in his course. Once or twice, in peculiar stages of the atmosphere, we 
have observed its sumitait inverted in the sky long before the mountain 
itself was visible. 

On the north shore, during the summer months, hardly a day passes 
without witnessing illusions of this kind. The Paps, two elevated moun 
tains near the entrance of Neepigon bay, would at one time appear like 
hour-glasses, and at another like craters, belching forth long columns of 
£moke, which gradually^ settled around their cones. 

Thunder cape assumed, shapes equally grotesque: at one time resem^ 
blinga huge anvil with its handle projecting over the lake, at another it 
appeared as though traversed from summit to base by an immense fissure. 

These phenomena are more common on the lakes than on the Atlantic 
coast, since hardly a day passes during die sunnner without a more or 
less striking exhibition,of this kind . The amount of refraction , dependent 
on the state of the atmosphere, is, during the greater pan of the summer, 
extraordinarily variable, ^he greatest difficulty is experienced in making 
astronomical observations, from this cause. Observations taken in the 
' afternoon, and generally during the night, are almost invariably worthless. 
The varying refraction may often be noticed in meridian observations of 

m ' ■■ I I m 111 ■ ■■ ■■ I III, I I ' I III I 

•Vide M. Z. Allen's article in Silliman's Journal, January, 1844. 

fDalton found that an evaporating surface of si-x inohes yielded in calm, dry sir, at 63** 
F^^*, 2.62 grains of vapor per minute, and 4.12 in a high wind. 
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"the sum with tfie ifrtiflekil horicOB, when the two images will be seen to lap 
over and then yeparate &om each other a great nu^iber df times dimtig; 
the few minutes^ wH^ the ai^papent motion of the sun is almost imper* 
eeptibte. The^e rariationeamoniDt to several mlimtes of altimde; and, of 

' (|0urse; on sui'^ occasions ^ m> use can be made of the obsenraticKEis. Ob* 
'fiervations t^ken in the morning, when a steady brisk breeze was blowing^ 
and t>«^ty free feem clonds^ were found to be the anly ones on which 
any dependence could be jjaced. 

The same phenomena pi rapidly-varying refraction may often be wit-, 
n^ssed at Sunset, when llie sun, sinking into the lake, undergoes a most 

"striking and rapid variety of changes. At one ijaoment, it is drawn otrt v 
into a pear-Uke shape; the next, it takes anelliptica) form; and just as it 
disappears, the upper part of its disk become elongated into a ribbon of 
light, which seems to float for a moment upon the fiarfece c^f the wat^ 
and men disapgear. 

Pjg^^- The annexed fcut represents the otrtJme 6f 

the appearance of the sun as it went dowA 

in the waters of Lake Michigan, June 19. 

1849. ^ !^ 

The cause of these phenomena can readif^ 

be found in the ever varying movement of 

bodies of differently heated air charged with 

differeni amount^ of moisture. Those wh<^ 

^^^^_^^^^^___^^^_^ navigate the lake not unfrequently notice 

that they pass instantaneously from a current of air blowing btiiskly iA 

one direction into one blowing with equal force from an opposite direction. 

The lower sails of a vessel are sometimes entirely becalmed^ while a brisk 

breeze flUs the upper. 

Frosts, of sufficient severity to turn the leaves, usually occtir as early 
as the middle of September. Snow commences falliug by the middle of 
October, and for more than six months the ground is covered with a fleec^ 
mantle. The streaiiis become locked with ice aiid remain so until May. 
The ground does not become frozen to a great depth, and, so soon as the 
snow disappears, Vegetation Shoots into life, and the air. swarms with 
myriads of insects. During the long days the sun shines >yith undhiiin- 
ished splendor, and the influetice of its direct lays compensates for th^ 
low mean temperature. Spritig ahd summer are mingled. Th^ 
ibrest becomes ctothed.with leaves, and its solitude is enlivened by thfe 
song of birds and^the hum of insects, before all traces of snow have dis- 
appeared. 

Notwithstanding the proximity of the lake, the thermometer has a rangt 
of 12iy^ in the course of the year. Often in midsummer, when, iolr 
several days, the winds come from the Southwest, the voyageur ex- 
periences a suffocating heat— an enervating depression. Theprspiratioii 
rolls from him even when unemployed and protected from the glare off ^ 
the sun by the forest*s shade. But, fortunately, these suffocating heat^ ^ 
are of short continuance. ' 

In the valley of the Ontonagon, on the 11th of June last, the thermom* 
«eter rose to 96°.* The wind was blowing from the SW.>lHit brought 
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* Hamboldt remarks that the thermometer nowhere rises higher than 104^ P., unless ezposei 
to the inflaenee of bodies which radiate heat. The extraordinary heats of che desert, as indicatod 
^7 the thermometer, ore caused by particles of sand carried through the atmosphere. 
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with it no refreshing coolness. A little after midday, a dark cloud, emit- 
ting from its edges a pale phosphorescent light, rose from the lake, and 
advanced against the wind. Its aj^roach was indicated by a loud roaring, 
and, when it reached our encampment, the trees swayed to and fro, and 
many were prostrated around us. The air was filled with flying leaves 
and branches. Voyageurs and men instinctively rushed into the river, 
and remained until the fury of the storm had abated. 
* Thunder-storms of great violence are oft unusual; and the large tracts 
of prostrate timber frequently met with in the forests, and known as 
'^ windfalls," indicate the path of the tornado. 

Sudden gusts of wind spring up on the lake, and hence the oldest 
voyageurs are most inclined to hug the shore. 

Instead of seeking for a solution of these phenomena by a resort to 
natural causes, they ascribe them, like the Scandinavians of o^d, to the 
fieak^ of a crazy old woman, who is endowed with ubiquity : 

*' Now here, bow there, and everfwhere.*' 

Before the middle of September, a change in the elements becomes ob- 
servable. The light and sportive breezes are succe^ed by heavy 
gales^^hieh sweep over the lake^ arid render coasting exceedingly 
hazardous. • » 

Auroras, even in midsummer, are of frequent occurrence, and exhibit 
a brilliancy and extent rarely observed in lowier latitudes. The com- 
monest phenomena are these: A dark cloud, tinged on the upper edge 
with a pale luminous haze, skirts the northern horizon. - From this, 
streaks of orange and blue-colored light flash up, and often reach a 
point south of the zenith. They rapidly increase and decrease, giving 
to the whole hemisphere the appearance of luminous waves, and occa- 
sionally forming perfect ^coronae. They commence shortly after sunset, 
and continue through the night. The voyageurs regard them as -the 

Eecursors of storms and gales, and our own observations have con- 
med the result. Occasionally broad belts of light are seen spanning 
tlie whole arc of the heavens, of suflicient brilliancy to enable one to 
read.. 

In tlje* winter these phenomena are much more frequent, and the 
ground appears tinged with a crimson hue. The aufora indicates a dis- 
turbance of the equilibrium in the distribution of terrestrial magnetism, 
and, according to Dov6, may be jegarded, not as an externally mani- 
fested cause of this disturbance, but rather as a result of telluric activity — 
manifested on one side by the appearance of light, and on the other 
by the vibrations of the magnetic needle.* 

On one or two occasions we have witnessed the rare and beautiful 
phenomenon of parhelia^ or mock suns. 

1 . ■! ■! I i I .,. ■■ ii-i.i , • m, .,. ,, .,.11 III I — ^^».i^ 

* for a fuU e^ofitition of these phenomena, consult Humboldi'a Kosmos, vol. I. 
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CHAPTER III. 

GEOLOGT OF THE COPPER REGION. 

Maps. — Classification of the rocks. — Their composition. — Keweenatp 
Poifit. — Range and extent %f the trap. — Local details. — District be- 
tween Portage lake and the Montreal river. — Range ctnd extent.-^ 
Metallic contents y and the association of copper. — Porcupine mountains. 
— Isle Roy ale. — Its similarity in geological structure to Keweenaw 
Point. — Range and extent of the trap. — Metallic content^. 

That portion of the Lake Superior land district whose geology we pur- 
pose to delineate in the following report is represented on the accompany- 
ing maps, entitled — 

1. A geological map of Keweenaw Point. 

2. A geological map of the region between Portage lake and the Mon-, 
treal river. 

3. A geological map of Isle Rgyale. 

These maps comprise the territory known as the copper region.^ 

The iron region, though of less extent, bfit of equal economical value, 
will form the subject of a subsequent communication. 

The rocks which constitute the solid framework, so to speak, of this 
district, are divisible into two classes, widely different in their origin and 
composition — the igneous and aqwous. 

Under the first division may oe included the several varieties of trap — 
using this term as a generic one — such as greenstpne, granular and 
amygdaloidal trap, basalt, &c. These rocks appear to have been gener- 
ated within the bowels of the earthby theactiorrof fire,and in some cases 
to have been protruded in vast irregular masses, forming conical (Tr dome- 
shaped mountains; at other times, in continuous lines of elevation; while 
in others they appear to have flowed like lava-cu.rrents in sheets over the 
sands then in the progress of accumulation . The mineral substances which 
compose these ancient lavas are very various in their nature, but in gener- 
al it may be said that the predomindting rock is one composed of^an inti- 
mate mixture of labrador, hornblende, and chlorite, though the latter is not 
an invariable accompaniment. 

To the second class, or aqueous fdtmation, may be referred the sand- 
stones, shales, and limestones of this district. They occur in stratified 
'beds, divided into layers, strata, laminae, &c.' The materials appear to 
have been transported by currents and deposited on the floor of the ocean, 
where they subsequently became consolidated. 

In additiori to these, there is another class of rocks which have undoubt- 
edly resulted from the joint operation of igneous and aqueous causes. 
The materials appear originally to have been ejected through rents and 
fissures in the crust of the earth to the surface, where they were subse- 
quently transported and ground up by currents and deposited in stratified 
beds. This class of rocks is termed by M. Prevosi* plutoneptunean; and ' 

* Article *' Formation," Diclionnaire Universel i^Histoird ^atwelle. 
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to this diYilsiod may be referred Ihe conglomerates and <:hloiite beds asso^ 
elated with the trap. , . * . 

The metamorphic rocks, or those which were supposed originalljr to 
hs^ve been deposited by water and subsequently modified by heat, causing 
them to resemble igneous products, are developed only to a limited extent 
in the copper region; but in the iron regiop they are displayed on a scale 
of vastness^ and form the ifiost interesting feature in the physical history 
At the district. , ^ 

The mine^alogical character of the trappean Tocks^ bemg a complex and 
difficult subject, will be separately described in the chemical part of the 
report. At iH»sent it may, however, be briefly stated that they are in gen- 
em made up of an intimate mixture of labrador and hornblende, forming a 
dark-colored homogeneous mass, in which the separate minerals cannot be 
distinguished by the eye. Chlorite, though not an invariable accompani* 
znent, is often present in a considerable quantiiy . Magnetic oxide of iron 
is also a very common ingredient, and sometimes in visible particles, 
though generally its presence is only betrayed by the action of the rock on 
the magnetic needle. The variable proportion and nature of the mineral 
ingredients give rise to a great diversity io the external characters of the 
mass, which diversity is still further increased by the d^erent circum- 
stances under which difierent portions of a /ock iden'^ical in mineral 
character may have passed from the fluid to the selid state 

The same rock may be found in every shape of. transition, from the most 
compact and homogeneous structure to a light porous mass, filled with 
cavities, or amygdules, which have often, posterior to the cooling of the 
rock, been filled with various, mineral substances. 

For the sake of convenience in describing the local details, and in order 
to adhere, as much as possible, to the terms already faYniliarly used by 
those engaged in mining explorations in this. district, we shall include, 
under the name of trap range, or trappean rocks, all the different varie- 
ties of igneous rocks which fonn the great belt extending from the ex- 
tremity of Keweenaw Point to the Montreal river, and which also form 
the greater portion of Isle Royale. When the rock is vesicular in ita 
structure, it is called amygdaloid 5 when compact, crystalline, or homo- 
geneous,, the hornblende predominating, it is called greenstone; when 
colnmnar or jointed, as on isle Royale, it is called basalt* If the homo* 
geneous base contain distinct crystals of feldspar disseininated, it becomes 
a true porphyry; and the largely crystalline and feldspatic varieties are 
known as sieuitic. • * 

These and many other varieties occur abundantly throughout the dis- 
trict, in belts imposed one upon another. Their jposition and thechangijs 
they have caused in the contiguous detrital rocks will be noticed in de- 
scribing the detailed geology. 

Hange and extent. — Commencing at the head of Keweenaw Point, we 
find the trappean rocks, with the associated conglomerates, emerging to 
the surface in bold stair-like cliff's, affording many scenes of wild and 
picturesque beauty, . This peculiar physiognomy is characteristic of the 
whole trap region. Humboldt long ago.remarked that each zone had its 
particular types of animal and vegetable life, but that the inorganic crust of 
the globe showed itself independent of climatic influences. Everywhere, 
basfidt rises in twin mountains and truncated cones; every where porphy- 
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*i%tic trap appears in gmtedqueljr BXtrngeAimaiW^y and gmtiite ih •rounded' 
summits.* 

The outer belt of trap, occupying the extreme northern portion of 
Ke^^eenaw Point, (see map,) is less than a mite in wiclth, and preserves al 
great <iegree of uniformity throughout its entire ^nrse. It fe^rms a seg- 
ment of a circle, of which the Bohemian mountains mity be regarded su^ 
the centre. . Th« soiuhern points of Manitdu idand are clotted With' 
patches of this igneous rock, #nrhile the greater portion of the belt haul 
crumbled beneath the action of the lake surf. Prom the extremity of 
Keweenaw Point, it extends westerly for about eighteen miles in acurvi*-? 
Knear direction, and passes into the lake at the eastern point oi Sand bay. . 
Throughout most of this distance it is protected from tlie action ot ii^ 
surf by a thick belt of conglomerate, but at sev^rsd points the water ha»' 
broken through this sea-wall and excavated ispaoimis harbors in the igne- 
ous belt. Copper, Agate, Grand Marais, and ]^g^e H^boraare included m 
thi^ belt, and owe their origin to a coitemon cause. 

This belt iis composed erf" the varieties of igneous tockkiiown as amyg^ 
daloid and brown granular trap. The amygdaloid is best developed in 
the upper portion of the belt, where it comes in contact with the conglom-i^ 
erate, presentjdg a dark scoriaceous ma^s, fbll of vesicles, somewhat 
compressed, and bearing a close resemblance to certain modern volcanfe 

I)roducts. These vesicles are, for the most part, filled with carbonate of 
ime, chlorite, agates, carnelians, and amethysts, and minerals of the zeolite 
fiimily. As we penetrate deeper into the belt, the vesicular structote dis- 
appears, and the rock passes into a aarJn: brown grisinular trap, consisting ®f 
an intimate union of hornblende and labrador. I'his is its general character) 
and to cite the numerous places where it has been observed, would be to 
encumber the report with unnecessary detail. 

This belt is traversed by. veins containing copper and silver, several of 
which have been mined, but in every instance unsuccessfully. At Eagle 
Harbor, a company wrou^t a vein, which, for a time, yielded -a ti6h pe# 
eentage of copper. Between 5,000 and 6,000 pounds were taken from 
the vein within a comparatively limited space; but as the miners sank 
deeper, the copper disappeared. The mnge of the vein was limited on, 
the south by the conglomerate, and on thevhorth by the lake. At the 
surfece it. was two feet in width, and filled in with laumonite and nartive 
copper. The shaft was commenced about two hundred feet north of the 
junction of the rocks, and extended to the depith of ninety seven feet. 
At that depth the vein had contracted k) three inches, and was barren of 
copper. The best mining-ground is undoubtedly beneath the bed of the 
lake; but to reach it would require a deep shafi, a long gallery, and an 
expensive apparatus for ventilation .« The company were not disposed to 
embark in an undertaking, the labor of which was certain, while success 
Was precarious. Several other veins in the nonhern range were explored 
by the company, with no better results. 

At Hawes's island, near Agate Harbor, a vein was opened by the Oy^ 
press River Company, which yielded rich specimensof copper and silver^ * 
but, iii the downward progress, they disappeared. 

With a single exception, (northwest quarter of section 58, range 30,) we 
have excluded every tract withiii this belt from the list of mineral lands, 
believirjg that it contains no veins which, will he permanently productive* 
— — » • — 

* Aspects of Nature, vol. II* 
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- To tlie,west of Sand bay about ten mibes, and north of the' first trap- 
pean range, oarrow belts of trap have been observed in two places, to wit: 
on section 28, township 5S, range 32; and on sections 1 and 6, between 
tanges 32 and 33, township 57. The nature of the ground is such that 
. tfaey can be traced but a short distance inland. Whether they are a pro- 
longation of the belt just described, or detached, intercalated masses, it is 
impossible to determine. The character of the rock is highly amygdaloi- 
dal, and chJoriteenterslargely into its composition. Imperfect indications 
«f veins exist, one of which was explored by the LaJte Shore Mining 
Company yielding iittle or no copper. 

In the more compact varieties, a concretionary structure is sometimes 
observable. Parallel bands of different ^wlors, a few inches in width, 
traverse the mass in waving lines, or are arranged in circular forms. This 
same arrangement is seen more strikingly illustrated in the d^p on Hayg's 
Point,.near Copper Harbor. The direction and arrangement of these lines 
is illustrated in ' . , 

Fig. 3, 



the above wood cut, Thjs structure is occasionally found in all igneous 
rocks, and undoubtedly results from chemical, affinity, by wliich the par- 
ticles assume a concretionary arrangement. 

About a mile south of this trap belt, and separated from it by a deposit 
of conglomerate and coarse sandstone, which, in places, expands to a 
thickness of more than 3,0CO feet, occurs the northern trap range of 
Keweenaw Point. It will be seen, by inspecting the map, that these two 
bells of igneous rocks, in theii westerly prolongation, preserve a remark- 
able parallelism. 

This range does not appear to have been the result of one, but of suc- 
cessive overflows; for vte not only find the igneous materials arranged in 
parallel bands, and exhibiting great, diversity in'external characters, but 
we also find numerous intercalations of conglomerate of inconsiderable 
. thickness, but extending for miles in a linear direction — these mixed pro- 
ducts being associated in regular beds, having a common bearing and 
inclination, so that the iuexperienced'observer is mclined to refer the 
■whole to a common origin. This deception is still' further increased by 
observing lines of tseudo stratification in the trap conforming to those 
of the associated sedimentary rocks,* 

This range starts from the head of Keweenaw Point, below Manitou 
island, and, sweepiag round in a crescent form nearly conforming to tjie 
trend of the coast, crosses the western arm of Portage lake, where it 

■Thii pseudthstretlficalioD hat be«n obierted b^ De h Beche in ihe graniie of Cornwall, 
Hd is BDf^JOMd by him to reaullfromalendeacyin Iha materiale ef a cooling raaM to airangs 
UwnwalTiH ia Uda, pvticularly noajr the aurtkoa.— 6««tiig|t ^ OernuoU. 
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sefems to lose its distinctive character. Towards the valley of the Little 
Montreal river, it crops out in bare precipitous cliffs; but the northwestern 
slope is gentle, the rock rarely emerging to the surface. 

The following are the elevations of this range at different points, as ap- 
proximatively determined by the barometer: On section 13, township 58, 
range 28, 467 feet. On the line between sections 15 and 16, township 
58, range 29, about three miles inland from Grand Marais Harbor, 730 feet. 
Between the Copper Falls and the Northwestern mines, section 24, town- 
ship 58, range 31, 630 feet. This range skirts the valley of Eagle river 
on the west,, and rises in overhanging cHffs to the height of two or three 
hundred feet. The Albion cliff, near the northwest quarter of section 
10, township 57, range 32, ma^ be regarded as the culminating point, 
attaining an altitude, as determined by Mr. Hodge, of 800 feet abqve the 
level of Lake Superior. Between the Albion min-es and Portage lake, 
the hills present for the most part a rounded, outline, and the underlying 
rocks are covered over with accumulations of water, worn materials. 

Inters tratified with this belt, throughout its entire range, we observe 
numerous lenticular masses of conglomerate, which appear to affect the 
courses of veins, as well as their productiveness.. The phenomena ex- 
hibited by th^assage of a vein through different belts of rock will be 
described in detail under another head. 

Local details, — I'he trap at the eastern extremity of Keweenaw Point 
(sections 15 and 22, township 58, range 27) is more compact and 
crystalline* than the northern belt before •described, and is traversed by 
small veins containing native copper. Near the centre of section 22, a 
band of conglomerate from fifty to one hundred feet in thicknes? is ob- 
served, dipping to the north; but it can be traced only for a short distance 
inland, in consequence of the drift which there reposes on the rocks. A 
few yards south of the extremity of the point, and near the nbrth line of 
section 27, a band of conglomerate is observed, attaining a thickness 
of sixty feet, bearing N. 70^ W., and clipping NE. 16^. .The underlying 
trap differs from that which overlies the detrital rocks, being more amyg- 
daloidal, and offering less adhesion between the particles'. This is sup- 
posed to be a continuation of the great metalliferous belt, as developed at 
the Cliff, North American, and Northwest mines.' 

In this township (58) numerous explorations were made by the Bos- 
'ton and Lake Superior Mining Company^ anfl, although they foijnd 
native copper at several points, they did not succeed in developing a val- 
uable vein. In the adjoining township west (range 28) and north of the 
Litde Montreal river, four alternations of trap and conglomerate were ob- 
served. Near the eonglomerateiidge, the trap is. low; but, north of the 
Montreal river, it rises in elevated cliffs, which continue through the 
township, ranging in an easterly-*and. westerly direction. These cliffs 
are composed of hornblende, in large acicular crystals, imbedded in a 
paste of labrador. Near their base is seen a band of conglomerate from 
twenty to fifty feet in thickness^dipping north at an.angle of 40^^, which 
can be traced aliv^.ost uninterruptedly for a distance of twenty five miles. 
At the Chff and North An:ierican mines there is a bed of chlorite rock, 
.corresponding in position to this baud. The trappean rocks above and 
below this belt exhibit s^reat differences in lithological character — ^the 
upper being highly crystalline, while the lower are amygdaloidal. This 
belt; lying below the conglomerate, is abundantly stored with copper; 
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but, being more destructible than the cliflFs of overlying greenstone, it is 
rarely exposed on the surface. 

In township 58 the Massachusetts Mining Company opened several 
veins in the vrcinilyof the Montreal tiver, none of which proved pro- 
ductive. The Alliance Company tested to a limited extent a vein on 
section 8. The Pittsburg and Boston Company also held a location, 
which ttiey subsequently abandoned. 

This ridge extends in an easterly and westerly direction through 
ranges 89 and 30. In the latter range (township 58, section 15) is situ- 
ated the Northwest mine. The thin band of conglomerate before de- 
scribed is here exposed on the southern slope of the hill, with greenstone 
above and amygdaloid and compact trap below. In its passage through 
the adjoining ranges 36 and 35, (townships 59 and 57,) the trap chain 
curves rapidly to ih(lfeouthwest, and is prolonged in that direction. The 
following section represents the relative position of the bedded trap and 
sandstone on the northern slope of the ridge (section 12) at the Copper 
Fails_minft 

Fig. 4. 



Dipaijo. Dip 26°. 

The first rock seen iji the stream is amygdaloid, resting on sandstone, 
which bears north 78" west, and dips 26'-'' to the north. Th*e thickness 
of this trap belt could not be deiermined, the northern portion of itbeing 
concealed by drift. The sandstone is composed of coarse materials, and 
contains, in places, rounded pebbles. Near the line of junction it ex- 
hibits the effects of metamorphism, being darit-colored and firmly cemented. 
Receding from the line, we find it variegated in color and less compact. 
To this succeeds another beltof trap, conformable in bearing and incUnaton, 
below which is another belt of sandstone. Thus there are no less than five 
repetitions of sandstone and trap within the distance of 2,000 feet. Aa 
a general observation, the ujoper portions of these sandstone belts are much 
more changed by heat than the lower — an important fact, which will be 
considered in discussing the origin of these rocks and their mode of for- 
mation. 

The sandstone, where thus exposed, presents a compact texture, breaks 
with a ringing sound and a conchoidal fracture, and exhibits many of 
the external characters of jasper. It is traversed by numerous divisional 
planes, which are quite as distinct as the original lines of bedding. The 
workings of the Copper Falls Company are in the 436-fo6t belt. 

Between the mouth of Eagle river and the Phtenix Cornpany's works, 
eleven of these belts, thus intercalated, are- noticed within the distance of 
a mile. Beyond the Albion range these belts cannot be traced, the rocks 
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being no longer exposed in bare ledges^ but covered beneath accumula^ 
tions of sand, gravel, and clay. 

' The trap beds thus intercalated are amygdaloidal or granular, but on 
their upj)er portions often exhibit a brecciated appearance. They aiFord 
numerous examples of veins yielding native co])per and silver, but do not 
expand to a sufficient width to allow extended subterranean workings. 

The upper portion of the crystalline belt described as occurring in range 
28, township 68, and thence traced through the intervening townships 
west, is exposed a few rods south of the upper shaft at the PhcBuix mine. 
Here the feldspar predominates over the hornblende, giving the rock a 
light color. The vein is observed to be disturbi^d and otherwise affected 
as it approaches this mass. . 

The Albion range is capped with this rock, which appears in abrupt 
precipices two or three hundred feet in height. A^ the Cliff mine, the 
upper portion of the precipice is composed of a dark crystalline green- 
stone — the hornblende largely predominating, which exhibits a mottled 
or varioloid appearance. At the Albion mine the feldspar again predomi- 
nates, and the rock becomes in some degree porphyritic. Beneath this 
is a bed of chlorite rock of a slaty structure, varying in thickness from 
six to ten feet, below which we meet with a belt of amygdaloid aiad gran- 
ular trap. Proceeding along the trend of the Albion range in a south- 
westerly direction, the amygdaloid is found ta dip beneath the surface. At 
the Cliff mine it is struck near the base of the precipice; but at the Albion 
mine, three miles distant, it is reached at the depth of ninety seven feet. 

This belt, the position and range of which we have endeavored to de- 
lineate, is the most metalliferous of any on Keweenaw Point. Throughout 
its entire extent, it seems to be characterized by well-defined veins. In 
it are situated the Cliff, North American, Albion, Northwest, and North- 
western mines; and it is reasonable to suppose that others equally valuable 
will be developed along the line of its outcrop. 

Sauthem trap range. — Returning to the head of Keweenaw Point, we 
find another range of trap, forming the southern boundary of the valley 
of the Little Montreal river, and stretching westerly in a line nearly par- 
allel with the northern chain. This is known as the Bohemian range., 
and differs from the northern both in lithological character and in the mode 
of its occurrence. While the former, before described, is composed of nu- 
merous beds of trap, in the main of the amygdaloid and granular varieties, 
interstratified with the detrital rocks, the^outhern range consists of a vast 
crystalline mass, forming an anticlinal axis, flanked on the north by the 
bedded trap and conglomerate, and on the south by conglomerate and 
sandstone. 

The contour of the unbedded trap is also very different from that of the 
bedded trap. We nowhere recognise the stair like structure in the hills; 
• they are either dome-shaped or rounded. 

The protrusion of so vast a mass of heated matter has changed in a 
marked degree the associated sedimentary rocks, causing ihem to resemble 
igneous products. Thus, on section 30, township 58, range 27, by the 
lake shore, is seen a metamorphosed sandstone resemblingf jasper. Its 
general bearing is east and west. In places it assumes a vesicular ^ppeajf- 
ance, while other portions are brecciated, and take into their composition 
chlorite ^and feldspar. In some hard specimens the lines of stratification 
can be fecognisea. The mass is about 100 feet thick; and surmounted by 
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dternaling bands of porphyry and a chlorite rock known as rottccr trap, 
which may be regarded as a volcanic ash. These veins attain a thickness o^ 
only a few feet. Proceeding along the southern coast of Keweenaw Point 
in a westerly direction, at the old fish station (section 35) we again observe 
this metamorphosed rock forming one of the jutting points of the bay; but 
here it assumes a different character, as though it had been subjected to a 
heat more intense and longer continued. All traces ot stratification have 
disappeared, and the rock has become transformed into a red, compact 
jasper, breaking with a conchoidal fracture, and traversed by numerous 
divisional planes. Where it comes in contact with the trap below it pre- 
sents a homogeneous texture. All traces of its mechanical origin are 
obliterated, and it is difficult to determine where the igneous rock ceases 
and the aqueous begins. 

In section 30, township 68, range 27, west of the Little Montreal river, 
it is seen again on the coast. The Bare Hills here approach the coast 
and rise up in overhanging cliffs to the height of 80 feet, and jasper 
appears to be the prevailing rock. Prom this point it can be traced inland 
in a westerly direction, througljLsections 29 and 30, in the same township 
a»d range, to the west line of lotion 24, township 68, range 29, expand- 
ing to a width of about half a mile. The west line of this section passes 
over Mt, Houghton, an isolated and dome-shaped mountain, rising to the 
height of 884 feet above the lake, and forming the culminating point in 
this portion of the region. Ifts summit is jasper for the distance of 160 
feet, and it is'difficult to trnce any well-characterized lines of stratification 
in the mass. On the southern flank the mass apparendy dips to the SSW. 
On the northern slope a perpendicular ledg^, 20 feet in height, is observed, 
dipping slightly to the east; to the northeast two low ridges of jasper are 
seen bearing nearly east and west, and connecting with the Bare Hills by 
the lake shore. The rock is extremely fissile — so much so, that it is dif- 
ficult to procure good specimens. In tracing it west,' it gradually passes 
into a compact trap, with here and there an almond-shajKsd cavity, filled 
with quartz or calc-spar. 

This rock we suppose originally to have been sandstone, and the 
peculiarities which we have described to have resulted from contact ^ith 
the mass of trap beneath. 

Unsuccessful attempts at mining near the summit of this mountain 
were made by the Alliance Company.- 

Near Lac la Belle the Bohemian range attains the height of 864 feet; 
at its base, and between the trappean and detrital rocks, is a belt of chlorite 
in foliated masses which expands to about 160 feet in thickness. The 
occurrence of a bed or mass of this mineral between trap and sandstone is 
not unfrequently observed in this district. The lower portion of the ele- 
vation is here made up of a peculiar rock composed of chlorite and laftrador 
in nearly equal proportions. These two minerals are each in a disdnctly 
crystalline condition, and the feldspathic portion is of a light reddish color. 
The mass is filled irregularly with crystals of magnetic iron ore, which 
occasionally form a large portion of the rock. Particlesof copper pyrites, 
are also scattered through it. This variety of rock seems to pass gradu- 
ally into the dark colored, fine grained greenstone which occurs on th^^ 
summit of the mdhntain. 
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The following section, from Copper Harbor to Lac la Belle, e^fhibits 
not only the contours of the country, but the relative association of the 
detrital rocks and the bedded and unbedded trap : 

Fig. 5. 
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The Bohemian range, as before remarked, 
forms the line of upheaval of the bedded 
trap and conglomerate on the north, and 
the conglomerate and sandstone on the 
south. The conglomerate, north of the 
axis of elevation, rarely attains a greater 
Brockway'i mount, inclination than 45°; but on the southern 

slope, the sandstone is observed clipping at 
an angle of 78°. This is beautifully ex- 
hibited by the lake shore, on section 36, 
township 58, range 29. The sandstone is 
seen in the bottom of the bay, composed 
of alternating bands of white and red, 
<^H sweeping round in curves, conformable to 

the course^ the trappean rocks. As we 
recede a few miles to the south, the strata 
•are observed to be nearly horizontal. In 
the two adjoining townships west, this 
range preserves its distinctive character j 
but beyond,* it sinks down into sloping 
Little Montreal' river. ^^^'^ two or three hundred feet in height. 
284. It exhibits some lithological changes in its 

course : thus, at the Suffolk mine, now 
abandoned, (section 16, township^ 57, 
range 31,) the rock becomes beautifully 
porphyritio — crystals of red labrador are 
scattered through a dark feldspathic base, 
with sulphuret of copper disseminated ia 
irregular masses. 

This range, like the northern one, is 
traversed by veins for the most part at 
right angles to the direction of the forma- 
tion; but, unlike the veins of the northern 
range, they yield the svlpkurets of copper, 
instead of native copper. The only mines now wrought are the Bohemian 
and Lac la Belle, which will be particularly described under another head. 
Numerous explorations have been made along the southern boundary of 
the trap, but in no instance successfully. The abandoned mines are in- 
dicated by an appropriate symbol on the accompanying map. 

The' fissile chlorite rock described as occurring at the base of the Bo- 
hemian mountain is found to continue almost uninterruptedly to Portage 
lake, and always preserving the same relation to the trap and sandstone. 
The prevailing color is green, but in places it acquires a reddish tinge. 
The trap, however, in the lower part of township 57, range 33, assimilates 
more to that of the northern range. At the Forsyth Company's works, 
(edbtion 33,) a band of greenstone is observed forming the crown of the hill, 
with amygdaloid resting beneath. In the adjoining to^^nship south, the 
otrap IB seen to occupy low parallel ridges, and is exposed in the beds of 
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the water- courses. Much of it is amygdaloidal, intermixed with the 
greenish and reddish lissile rock before described. Indications of copper 
«xist, but the veins are not well defined. 

In the southwest quarter of section 8, the Trap Rock Company perforated 
the rock to the depth of seventy leet. then drifted sixty-six feet from the 
vein for the purpose of discovery. The veinstone here consisted of small 
strings of quarts, calc-spar, and chlorite, arranged in parallel layers, 
to the width often inches, with some copper disseminated; but the indica- 
tions were not sufilciently encouraging to induce them to continue the 
work. This vein ranges and dips with the formation— its course being, 
north •O*' east; inclination to the northwest 60°. 

On the southeast quarter of section 19, township 56, range 32, are 

the abandoned works of the New York and Michigan Company. Their 

•exploitations were prosecuted on the left bank of a small stream, near the 

junction of the trap and sandstone. The trap here consists of the reddish 

and greenish chlorite rock, with imbedded amygdaloid. The surface 

exhibits few indications of a vein; but, according to the report of Messrs. 

Orout & Douglass j who exploied this location, native copper was found 

in the small veins and adjoining fissures. A drift was extended 45. feet 

into tJte rock; a shaft was also sunk on the opposite bank to the depth of 

18 feet, intersecting a belt of the green rock, according to the above au- * 

thority, highly charged with copper. Although the workmen met with 

much to encourage^ they did not succeed in developing a valuable vein. 

On one of the affluents of Torch river, (section 36, township '36, range 

S3,) the junction of the trap is beautifully displayed. The stream is 

precipitated over a wall of trap 80 feet in height, and thence winds its way 

through a deep gorge which it has excavated in the sandstone. The 

conglomerate diflers from the lenticular bands described as occurring with 

the bedded trap, consisting of arenaceous particles loosely aggregated, and 

containing, near the base, quartzose pebbles. Patches of green and red 

ochrey clay occur in different parts of the mass, in a concretionary form. 

The red and green chlorite feck, fissile, but not stratified, enreloping 

masses of amygdaloid, is seen on the left bank of the stream, traversed by 

seams of quartz and calc-spar, underlying to the NW. 50^. Above this 

the rock is greenstone, presenting a wsJl-like appearance, and rising in 

overhanging cliffs.^ 

The precipice was perforated with a gallery, where the quartz seams 
are observed near its base^ to the distance of one hundred feet. {Several 
seams were crossed in the progress of the work which yielded native cop- 
per, but nowhere did the vein concentrate with sufficient power and rich- 
ness to warrant tfie expenditure of much capital. This work was prose- 
cuted by the Douglass Houghton Mining Co^ipany, under the direction 
of Messrs. Grout & Douglass, and their report to the company contains a 
detailed account of their explorations and the character of the rocks. 

The trap in this vicinity has not that firmness and liveliness 'of color 
which belong to the truly metalliferous belts. Evidences of copper exist 
in the shape of small strings and leaders, but they nowhere concentrate 
and form what miners call a '^champion lode." 

' The Quincy mi»e, (section 26, township 55y range 34,) near the west 
aim of Portage lake, affords as good a prospect for mining enterprise as 
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any wtich we have observed in this vicinity, although this cannot fee re- 
garded as among the best' niiiiing-groiind. 

The rock here consists of a dark-brown chlorite trap,, with beds of 
amygdaloid. Between the junction of these rocks native copper is ob- 
served in sheets, and disseminated in a vein-stone of calc-spar and chlo- 
rite. 

The veins, or rather the main lodes, range and dip with the formation, 
and send off brancties at nearly right angles. 

The culminating point of the trap here does not exceed 400 feet. The 
northern flank is covered with detritus, and the rock at rare intervals i 
emerges to the surface. Hence there is really a small portion of the trap 
range in this vicinity which is adapted to mining. 

In the region of Portage lake, the shock by which the bedded trap and 
conglomerate were elevated does not appear to have been attended with 
the protrusion of vast crystalline masses, forming a long range,^ like the 
Bohemian mountains, or rounded groups, as in the vicinity of the Onton- 
agon, but simply to have caused a vertical dislocation, Hfiing up the 
beds on one side of the fissure, while the corresponding beds on the 
p- g opposite side remained comparatively undis- 

turbed. There can be no doubt that«there 
existed a deeply-sealed and powerful fissure, 
: extending from the head of Keweenaiy Point 
f^ to the western limits of the district, along the 
i line of which the volcanic forces were, at 
__ different times, powerfully exerted— similar in 
r character to those in Guaiemala, Peru, and 
Java — the seats of modern volcanic action. 
The only instance observed in this part of the district, of trap occur- 
ring remote from the line of the fissure is in the northest comer of town- 
ship 49, range 36, fourteen miles southwest of the head of Keweenaw 
bay. It is known as Silver mountain, {Ivcus a ?ion Ivcendo,) which rises 
up isolated and dome-shaped to tlie height of a thousand feet, and 
occupies*an area equal to three sections. The surrounding plain is 
covered with deep deposites of clay, resting on sandstone, in nearly hori- 
zontal strata. The rock on the summit of the mountain consists of labra- 
dor and hornblende, the former largely predominating, and arranged in dis- 
tinct crystals, with nodules of quartz and chalcedony scattered through 
the mass. The flanks of the mountain exhibit nearly the same litho- 
logicat characters. Mining operations were prosecuted there a few years 
since by the National Company. The hill was perforated by a gallery to 
the distance of one hundred feet, along the course of a fissure, dipping 
63° to the northwest. The attle which lay about the opening was mi- 
nutely examined, but we failed to detect any traces of copper; nor did the 
appearance of the wall rock or the fissure alford any well-founded hopes 
of the presence of metalliferous deponites. The rock at the entrance of 
the adit appears to have been broken by the elevatory movement, or suc- 
cessive movements, to which the mass had been subjected; for we found 
the enclosing walls, ground and polished. In other places rounded 
fragments of the wall-rock were included in the fissure. Near the mouth 
of the adit the rock was compact, but, on penetrating tuilher, it became- 
highly crystalline. Scoriie and amygdaloidal patches were observed 
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in the fissure, as though they had been injected after the upheaval of the 
mass. Near the summit a dike is seen pursuing a zig-zag direction. 

Boulders of granite a foot in diameter and fragments of sandstone 
are strewn over the summits. Deep groov'es and scratches, bearing north 
20^ east, are seen in this firm and crystalline rock. 

Although this is the only instance observed of the protrusion of the 
igneous rocks through the sedimentary strata in this vicinity, yet evidences 
of volcanic disturbance exist; and we have reason to believe that erup- 
tive masses have approached near the surface, without breaking through 
the exterior Aust. 

Thus, about one-halfof a'mile from the southern boundary of township 
50, a conical knob of sandstone, having a quaquaversal dip, is observed, 
the strata being much fractured and disturbed. These explorations were 
conducted by Mr. Hill. 

- RANGE OP THE TRAP BETWEEN PORTAGE LAKE AND THE MONTREAL 

RIVER. 

Exterjud characters. — Between Portage lake and the, Fire-Steel . river, 
the ^appean rocks are less distinctly marked than on Keweenaw Point. 
They appear in rounded groups, rather than in parallel chains.; but be- 
yond this point they again rise in bold cliffs, which attain an eleva- 
tion of nearly fourteen hundred feet near Ago§ebic lake, when they 
again sink down into a nearly level plain, with an occasional isolated 
knob. This is their character between the last-mAitioned point and the 
Montreal ri>(f; The Porcupine mountains form a lateral branch of the 
main trap range, and constitute nearly the highest points in the district, 
Tha trappean rocks are extremely variable in their lithological character, 
and among them the following varieties may be recognised: 

• 1. Compact trap — varying in color and texture, and occasionally taking 
into its composition a large proportion of chlorite and a greenish niagnesian 
mineral. Some varieties are exceedingly fine-grained and close in thtdr 
texture, so that they break almost with aconchoidal fracture; others contain 
a very large percefatage of magnetic oxjde of iron, and, if the block have 
an angular, prismatic form, and remain for some time on thie surface^ 
it acquires magnetic polarity. To the presence of so large a proportion of * 
iron is undoubtedly due the irregular variation of the needle so well known 

- to the linear surveyors in the districts underlaid by this class of rocks. 
The fluctuations of the needle often indicate the presence of the trappean 
rocks where they are effectually concealed by a thick covering of detritus 
and soil. 

2. Amygdaloid. — This variety is found irregularly scattered through 
the trap, but by no ineans so abundantly as west of the Ontonagon river. 
The base of the amygdaloidal trap is generally a fine-grained, homoge- 
neous, dark colored mixture of hornblende and labrador, with numerous 
amygdules— someof which are an inch in their longitudinal direction — 
filled with different mineral substances. Between the i^lgonquin lo- 
cation and Agogebic lake, epidote frequently accompanies the amygdaloi- 
.dal trap; west of the last named place, it resembles more near'ly the trap 

p of Keweenaw Point, and is associated with large quantities of the zeolites. 
Where epidote fills the cavities of the trap, it presents a radiated, crystal- 
lized texture, and specimens of great beauty ^re frequenily obtained. 

. Generally the vesicles 6f the epidote are occupied by quartz, often radi- 
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ated. Th^ quartz is frequently colored green by the presence of epidote, 
and in such cases affords beautiful cabinet specimens. 

The zeolitic minerals often form so large a portion of the rock that it 
disintegrates and fails to pieces after a short exposure. At the Atlas 
Mining Company's location, (section 18, township 50, range 44,) now 
abandoned, they are so abundant that they are found not only in aH of the 
vesicles of the trap, but are distributed through it inlarge vein like sheets, 

3. Porphyritic trap. — The base of this rock consists of fine-grained 
trap, through which are diffused long" and distinct crystals of feldspar, 
which, being white, standout against the dark base in bold^elief. This 
variety is found in loose blocks south of the trap range; but it has not 
been observed in place in this portion of the district. 

4. Trap breccia, — This is a mixture of amygdaloidal trap and quart- 
zose fragments resembling altered sandstone, and seems to have been the 
product of the interfusion of the two rocks; it is seen at the Cushman 
location, near the forks of the Ontonagon, (section 36, township 50, 
range 40,) and also a rock somfewhat similar in character is observed at * 
the United States Company's location, a mile or two west. 

5. Epidote trap. — This variety occurs atmany points, especially in the 
vicinity oi the Ontonagon river, occupying a space of several miles in 
length. The compact trap often passes gradually into it, the epidote re- 
placing the hornblende. The seams of quartz and calc-spar containing 
copper are almost always accompanied by epidote, which graduates on 
either side into compjftt trap. 

The varieties of epidote rocks are as numerous as those of the green- 
stone trap. Both, in fact, occur together over a considerable portion of 
the district; and though the proper trap is by far the predoiAiating rock, 
yet there are sections where the epidote forms almost mountain masses. 
The epidote, however, is rarely pure, but generally mixed <with quartz, 
forming nodules of considerable size. Where the former occurs in seams, 
or veins, it is much more pure, and possesses a crystalline structure, 
though distinct crystals of this mineral are of rare occurrence. Like the 
proper trap, it often becomes amygdaloidal, the amygdules being filled 
with quartz and calc-spar. On the United States location the trap and 
epidote are seen in alternating bands, the cavities of the former being filled 
with epidote and quartz, and those of the latter with quartz and calc-spar. 

6. C&rnpact quartz, (yr jasper. — This rock occurs abundantly in mountain 
masses, the highest summits of the Porcupine mountains being composed 
of it. It varies in structure considerably at different points. The greater 
part of it, however, is a homogeneous compact jasper of a deep, brick-red 
color, sometimes traversed by thin seams lined with crystals of quartz* 
The jasper is occasionally divided by fine lines or bands, waved or con- 
torted, so as to form an imperfect ribbon jasper, but at other points particles 
of white quartz are mingled with the red jaspery mass. The compact 
variety of quartz rock sometimes shows a gradual passage into quartzose 
porphyry, with occasional imbedded crystals of feldspar. 

The quartzose porphyry occurs in very large masses, forming the 
highest points of the trap range in townships 49 and 50, range 42, on the 
head-waters of Iron river. It is of a brick-red color, and contains small 
crystals of white feldspar, not generally exceeding an eighth of an inch in 
length. Almost invariably, fine rounded particles of vitreous quartz are 
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Ibuttd distributed with the feldspar through the jarpery base. It forms au 
eruptive mass, and often includes fragments of the pre-existing igneous 
and sedimentary rocks. This porphyry has generally a trappean structure, 
breaking by natural joints into blocks more or less prismatic. 

A singular nondescript rock occurs in a low ledge which crops out on 
section 33, township 49, range 43. It has a feldspathic base of a light 
reddish color, through which irregular crystals of red feldspar and small 
rounded particles of quartz are discernible, intermixftd with a greenish 
mineral, which appears to be epidote. It differs entirely in external char* 
acters from awy rock found elsewhere in the district. 

Rav^e cmd extent — associated metals. — The trappean range between 
Portage lake and the Ontonagon river divides the country into two parts — 
the portion lying on the north being drained by streams which flow at 
nearly right angles to the formation, while in that portion lying south the 
streams flow nearly parallel with it. The trap range crosses Portage lake 
in township 55, ranges 33 and 34 — its width being about three miles — and 
continues in a southwest course nearly parallel with the lake. In town- 
ship 52, range 36, it contracts to less than a mile in width. Between this 
point and Portage lake, trap is seen in the beds of the water-courses, and 
along the water-shed line. Low rounded hills occur, with few exposures 
of the rock. Within this distance there is no valuable mining-ground, 
and only one attempt at exploration has been m$ide. The Old Setders' 
Company explored a vein, or seam, on section 6, toVnship 52, range 35, 
the course of which is north 65° east, parallel with the course of thef 
trap. This seam in no place exceeds four inches in width, and is filled 
with quartz and epidote, with particles of native copper disseminated. 
The drift was extended for 30 feet. On section 36, township 53, range 
36, a shaft was sunk upon a seam of similar character; but the nature of 
the rock gave little assurance of a valuable vein. 

West of township 52, range 33, the trap again expands, occasionally 
emerging in bold precipitous clifis. Between this point and the Ontonagon 
river the rock is in many places metalliferous, and affords good mining* 
ground. It does not range in continuous chains, buC appears in rounded 
groups or isolated knobs. 

At the Algonquin mine (section 36, township 52*, range 35) the trap is 
rather compact, and much mixed with epidote. The ridge here bears 
northeast, and the escarpment is to the northwest — forming an exception 
to the general rule found to prevail in this region. At the Douglass 
Houghton mine, four miles southwest, the trap appears in numerous knobs 
and short broken ridges, and affords good mining -ground*** Masses of vein- 
stone, consisting of quartz colored rose-red by the sub-oxide of copper, 
are found in the streams, indicating the proximity of veins. On section 
15, township 51, range 37, this company have explored Sin east-and-west 
vein which promises to yield a profitable return. Tfie rock is a dark- 
colored, compact trap, occasionally amygdaloidal, traversed by numerous 
joints, the, intervening spaces of variable width, being occupied by quartz 
and calcspar. A detailed description of the works will be found under 
the head of Mines. 

On the neighboring section, 21, the New York and Michigan Company 
have made merely surface explorations. There are here two well-defined 
and abrupt ranges of trap crossing the line between sections 16 and 21, 
in which several veins of metallic copper and blue carbonate of copper 
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were discovered by Messrs. Grout and Douglass, who explored the loca- 
lion. We found the same appearances here as at numerous other points ia 
the trap range in this vicinity, to wit: epidote occurring massive and in- 
termixed with the trap rock, and containing a small amount of copper* 
Nothing, however, was found worthy of particular notice. The ridges of 
trap are elevated about a hundred feet above the general level of the 
country, while the intervening ground is low and swempy. 

About 10 rods southwest of the cabin there is a trap knob which rises 
t& the height of 660 feet — the most elevated point in the immediate vicin- 
ity. On the line between 29 and 30 the ground was found to be 633 feet. 
The trap here is amygdaloidal, with few indications of copper. 

In the adjoining township west (township 51, range 38) the trap rises 
in broken ridges to the height of 150 feet above the surrounding country^ 
presenting mural faces to the south. It consists for the most part of hard, 
crystalline greenstone, and is traversed by numerous contemporaneous 
fissures, which are filled with quartz and calc-spar, and contain copper,^ 
disseittiinated, and in masses weighing 15 and 20 pounds. We saw ia 
the northern poilionof the belt no well-defined veins; and, altogether, the 
ebaracter of the rock is unfavorable for mining. 

The epidote and quartz are occasionally observed in beds, associated 
with native copper, having a course and dip corresponding with the ad- 
jacent stratified rocks. 

The Adventurers' Mining Company and the Ridge Mining Company are 
located in this township — the former on the southeast quarter of section 
85; the latter on the southwest quarter of the i^me section. 

In the southwest quarter of section 25 a vein was observed in a ridge 
which extends across that quarter section, bearing north 55° east, and 
dipping to the northwest 45^. The v-einstone was prehnite and calc-spar^ 
and contained traces of native copper. The foreign matter would not ex- 
ceed one foot in width, but the brecciated rock occupied three feet. 

The Aztec Company are also working a small force in the southeast 
quarter of section 25, in this township. In the southeastern portion of 
tSais township the rock. appears more favorable for metals, but the explora- 
tions have not been carried sufficiently far to develop the true character 
of the veins. 

The trap range in the adjoining township southwest is highly metal- 
Mferous— as much so as any in this portion of the district. 

Township 50, range 39. — As this is an interesting township in' regard 
10 its topographical features, and one in which perhaps more mining and 
exploring have lleen done than in any other, we will give a somewhat 
general description of its geology and ' topography before entering into 
a particular description of the several explorations and attempts at mining 
which have been made. The Ontonagon river runs diagonally across the 
township in a winding course, separating it into two unequal portions. 
The three main branches of the stream, called respectively the East, West, 
and Middle forks, unite in sections 27 and 28, and form a broad river. 
Which, however, is much broken by rapids, and can orily be ascended by 
boats forced up against the current by setting poles. The banks of the 
river are generally of red clay, sometimes rising one hundred feet above 
the stream, and worn into precipitous ravjnes, commonly called " hog- 
backs,'' which succeed each other many times in the course of a mile. 
To travel over tliem is a task at once laborious and vexatious. The trap 



Dcic. No. 69. 73 

range enters the township at the northeast comer, and pursues nearly a 
northeast and southwest direction diagonally through it. On the east and . 
west Hne of section 12, there are two distinct ridges: the northernmost 
and highest is 736 feet above the lake, at the point of intersection. 
These ridges continue tolerably distinct and parallel in direction nearly 
to the Ontonagon, when they gradually break off; and where thfe 
tivercuts through the range no rock is seen in place, but high clay banks 
hem in the channel. The terminating knobs of these ridges are con- 
spicuous objects from a distance, and are known as the ^^Three Brothers." 
The North and Middle Brothers are tiie proper terminations of the two 
parallel ridges ; but the South Brother is a spur of the southern ridge. The 
lieight of the Middle Brother above the lake is 758 feet; the other knobs 
and ridges in the township are from 650 to 670 feet. ^ 

Prom the summit of the northern ridge the ground verges very 
gradually to the lake, there being iio other breiiks than ravines worn 
Jby Tunning water. South of the trap range there is a beautiful level 
plateau of land, finely timbered with maple and hemlock; then succeeds 
a broken and uneven country, intersected by numerous gullies. Ih 
the beds of the streams sandstone may be seen in place occasionally, 
though they are mostly excavated in red clay. ^The current is generally 
sluggish. The west branch of the Ontonagon flows along the line oi 
junction between the sandstone on the south and the trap on the north'; 
and it was on the left bank of this stream, near the water^s edge, in sec- 
tion 31, of this township, that the famous *^ copper rock," now at Wash- 
ington, was found. To facilitate its removal, a road was constructed 
to the main branch of the river on section 20, which is known as the 
" Copper- rock road." 

The trap is flanked on the north by a belt of conglomerate which bears 
West-southwest, and occupies a width of one-fourth of a mile. Numerous 
alternating bands of igneous and aqueous rocks are observed in this 
township, or rather in the northern portion of it. 

The trap ranges differ somewhat in lithological character. Thp north- 
ern range, as exposed on section 10, is somewhat porphyritic. Between 
fliis and the second range there is a belt of sandstone 100 feet in thick- 
ness, which is well exposed on section 16. 

The riiiddle range is capped with greenstone, while its base consists of 
a granular trap, with occasional amygdules dispersed through it, com- 
posed of hornblende, feldspar, and chlorite— "-forming the most metal- 
liferous belt in the region. At the base of this belt a thin band of con- 
glomerate is observed about 10 feet in thickness, dipping north 52°. Be- 
tween the middle and southern ranges there is probably another band of 
conglomerate Concealed by the soil. The southern range ii^ composed of 
a dark brown trap, more compact than the former, but likewise metal- 
liferous. 

The " South Brother" is somewhat isolated, and may be regarded the 
most recent in geological age, since the sandstone dips from it on the 
south, and the bedded trap and conerltmerate dip from it on the north. 

The principal workings in this township, east of the river, have been 
prosecuted on sections 15, 16, 21, and 22. The Minnesota Company, 
on section 16, have a valuable mine, a detailed description ol which will 
be given under the appropriate head. 
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The Ontonagon Mining Company sank a shaft on section 22 to the 
depth of 40 feet, which afforded indications of little value. The rock 

* brought to light consisted of a mingled mass of epidote and trap, 
traversed by seams of calc spar and quartz, with traces of native copper. 
Associated with it were particles of oxide of iron, having a metallic 
lustfe, which were mistaken for gray sulphuret of copper. 

Another shaft was commenced near the northwest quarter of section 
11, but soon abandoned. 

The principal shaft sunk by the company was on section 16, near its 
eastern boundary, and was carried to the depth of 60 feet, through trap 
which afforded no evidence of a vein. 

On the west side of the river, explorations were made on the northeast 
quarter of section 19, under the direction of Mr. Randolph. The hill 

• was perforated to the distance of 30 feet along the course of a supposed 
vein, when he found it cut off, as the miners termed it, by a wall of 
hard, compact trap. Near the seam, and against it, the rock is amyg- 
daloidal, the cavities of which are filled with calc, spar, epidote and 
quartz. In the space of six or eight feet irom the seam, the rock grad^ 
nates into a hard, compact trap, and every trace of a vein is obliterated. 
The quantity of copper found at this locality was exceedingly small, 
though some specimens yielded as high as 15 or 20 per cent., and was 
finely interspersed through the rock. 

The Forest Mining Company are exploring some veins west of the 
river, with very flattering prospects, a description of which will be found 
under the head of Mines. 

The mining attempts on section 31, by the Ontonagon Company, will 
be alluded lo in connexion with their operations on the adjoining sec- 
tion in range 40. 

In addition to these explorations, numerous shafts have been sunk 
and adits driven into the clay banks which border the river, by sanguine 
adventurers in search of mineral wealth. Near the spot where the cop- 
per rock was found, numerous attempts of this kind were made. The 
true softrces from which the loose masses of copper have been derived 
are now fully understood, and firuitless explorations of this kind have 
long since been abandoned. 

Towfiship 50, range 40. — ^The trappean rocks west of the Ontonagon 
pursue a course which varies but a few degrees south of west. They her^ 
expand to a width of little more than four miles, and crop out north of the 
west branch in bold, overhanging cliffs. About one- third of the northern 
portion of this township is occupied by the detrital rocks; while the mid- 
dle, occupied by the igneous rocks, is low, and affords no valuable 
mining ground. In the southern portion, numerous explorations have 
been made by the United States and Ontonagon Companies. Those of 
the latter have been principally confined to section 36. Here a vein-like 
mass of epidote can be traced from the bottom to the top of a hill, and for 
a considerable distance along the course of the formation, which bears 
north 76^ east. This mass is neariy vertical, and is one of the largest and 
best defined which we have seen. 'It has no perceptible walls, and on 
either side it may hp seen graduating into the trap. A shaft has been 
sunk about halfway down the hill, and a drift extended to intersect it be- 
low. Other openings have been made at various points. Although some 
masses of native copper weighing fifty pounds were extracted, yet the 
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results, on the whole, could not be deemed satisfactory, for the copper 
is diffused too sparingly to render the workings profitable. This com^ 
pany also ccpimenced explorations on section 31 in the adjoining town- * 
ship east, A vein-like mass of similar character, bearing nearly east 
and west, and dipping northwardly, was observed near the base of a cliff, 
into which a level was driven, without affording much encouragement to 
continue the work. / 

The United States Mining Company were located on sections 34 and 35. 
A superficial examination was made at the base of a trap cliff perhaps 
one hundred feet in height, where the rock consisted of trap mingled with , 
epidote and quartz, presenting a singular brecciated appearance. No cop- 
per was found. Beds of epidote may be seen in this ridge, having an ap- 
proximate bearing east and west, in which traces of copper exist, but no- 
where has it beei observed in suflSicient abundance to justify mining ope- 
rations. 

On section 35, is a Itigh cliff made \ip of irregular alternating bands of 
amygdaloidal trap and amygdaloidal epidote. Surface explorations have 
only been made here; in fact, there is nothing to warrant extended mining. 

Township ^t^yvarige 40. — The trappean rocks occur only in the extreme 
northern portion of this township. They rise in isolated knobs and bro- 
ken ridges, north of the west branch of the Ontonagon, to the height of 
three hundred and even four hundred feet. Mining operations are for 
the most part restricted to the upper portions of the bUiffs, so that, if sys- 
tematically pursued, drainage can be effected with ease by means of adits. 

The Ohio Trap Rock Company are located on section 5, but most of 
their explorations have been made on section 12 in the adjoining town- 
ship west. 

Tov)nship 49, range 41. — The geological features of this township do 
not differ essentially from that last described. Bold cliffs border the river 
on the north, through which are distributed vein-like masses of epi- 
dote containing copper. The cliffs extend through the township, not con- 
tinuously, but in broken ridges, and form the principal mining ground. 
The trap continues northward about five miles, occupying about oner half of 
township 50, but rarely emerges to the surface, and affords few facilities 
for mining. 

Sections 17, 18, and 19, in the western limits of the township, were re- 
spectively occupied by the Hope, Ural, and Astor Companies.* A bluff, 
occasionlly broken through by ravines, rises to the height of three hun- 
dred or four hundred feet above the west branch of the Ontonagon river, 
in which masses of epidote and quartz, containing considerable copper, are 
arranged somewhat in the form of veins. In places they were observed 
to expand to the width of five or six feet, and afterwards contract to a 
mere seam, and sometimes run out altogether, or re-appear at a higher 
level in the cliff. There were no well-defined walls observed, and fre- 
quently the epidote was seen to pass imperceptibly into compact trap. 

These tracts are now abandoned; but if these deposiies are found pro- 
ductive after more extended exploitations, mining operations will undoubt- 
.edly be resumed at this point. , 

The Ohio Trap Rock Company have performed much work iii a bluff 
of a similar character on section 12, and at one lime their prospects wero 
regarded as highly flattering. 
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Dr. Gibbs visited this tract in 1848, and from his notes we extract the 
. fcUowing information: 

"The general character of the rock is a compact trap, containing much 
epidote mineral, with quartz and calcareous spar. The epidote generally 
assumes the form of veins, intersecting the trap in different directions, 
but perhaps chiefly north and south or east and west. The copper is 
found principally in those veins which have an easterly and westerly 
direction. In one of these, which dips about 35^ to the north, two shafts 
have been sunk, one of which was 60 and the other 40 feet in depth at 
the time of our visit, and large quantities of epidote mineral, with quartz 
and spar, had been raised. • The epidote frequently is rich in metallic 
copper, though as yet it has not been found in large masses. The copper 
is eJso disseminated, though sparingly, tlirough the quartz, and affords 
specimens resembling t?iose from the CliiT mine. The epidote is often 
.jbeautifuHy radiated, and, when mixed with the jvhite quartz and bright 
metallic copper, affords singular and beautiful specimens. At the bottom 
of the hill, a drift is in progress to meet the two shafts. The hill is 
about 130 feet in height, and the distance to be driven is about 300 feet, 
following the apparent course of the vein. Other openings have beeipi 
made on the location and in this hill. They all present the same general 
character— namely, a vein-like seam of epidote, containing seams ot 
quartz and calcareous spar, with particles of metallic copper. The frag- 
ments of epidote are often covered with a coating of carbonate of copper, 
•evidently derived by decomposition from the metallic copper. Sometimes 
the decomposed epidote and earthy matter form seams in the rock, which 
are regarded by the miners as a rich ore. On the whole, the quantity of 
copper obtained at the locality is sufficient to justify further exploration 
in proving the real nature of these deposites, though the occurrence of the 
metal in pseudo-veins will render the ultimate success of the operation a 
matter of some uncertainty. The appearance of the vein seemed, how- 
ever, more promising as they descended upon it. 

Th^ adit-level has since been constructed, but the vein-like mass did 
not prove as rich, where intersected, as was anticipated. 

The Boston and Lake Superior Company have made explorations on 
section 11, about one-fourth of a mile further west. The general char- 
acter of the deposites of copper is similar to that of the Ohio Trap Rock 
Company. Two vein-like masses of epidote, mixed with quartz and 
calc-spar, meet at right angles — the one running nearly north and 
south, the other east and west. Two inclined shafts were sunk to the 
respective depths of thirty and sixty feet. The bed pitched to the north 
about 48°, and was thought to become richer in its downward course. 
This mine is temporarily, if not permanently, abandoned." 

This portion pf the trap range appears to be richer than any other in 
the district west of the Ontonagon. It is characterized throughout by 
these ^'^epidote veins," as they are provincially termed, which in many 
places offer flattering inducements to miners; but it must be confessed 
that the explorations thus far have not demonstrated that they can be 
profitably wrought. » 

Township 49, range 42., — The trap adjoins Agogebic lake on the north, 
and expands to the width of eight miles. The range of bluffs before 
described is continued through the southern portion of this township, 
and presents the same geological features. In the northern portion axa 
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Dumerous high knobs of quartzose porphyry; in which no traces of copper 
h^ve been detected. These extend in an east-northeast direction for 
about six miles, and vary in width from one to two miles. On se(vtion 
24, known as Boyd's location, exfJorations to a U^nited extent have been, 
made. 

Near the bed of the stream, by the cabin, occurs a mass of epidote, 
passing into trap, and containing specks of metallic copper. A small 
quantity of rock has been thrown out here, but^ the percentage of copper 
is very light indeed. At the southeast corner of the location, near the 
summit of a trap cliff 200 feet iu height, occurs another mass of epidote 
rock, which has been explored in search of copper. This mass is about 
six feet in breadth by ten in length, and presents superficially some of 
the characters of a vein, but passes gradually into the trap both above 
and below, so as to be no longer distinguishable at the distance of a few 
inches. A few particles of copper are found in the epidote^ but appear- 
ances, upon the whole, are unpromising. 

About one fourth of a mile east of the cabin is the locality known as* 
the "Red oxide vein." The trap is very hard and compact, and contains 
epidote, which is sometimes stained by carbonate of copper. The seams 
of the trap are filled with thin plates of a red crumbly substance — proba- 
bly decomposed laumonite. The epidote has, as usual, some resemblance 
to a vein. Considerable masses of ore have been obtained from this 
place, being mostly native copper incrusted Avith the red oxide, which is 
probably an after*product from the oxidation of native copper. Near this 
place is another opening of the same kiu<l ; but no copper nor signs of a 
vein could be discovered. On the whole, there is no reason to suppose 
that mining operations at this point will be attended with success. 

The trap occupies only portions of the first tier of sections in the ad- 
0ining township (48) south. On section 6, the Charter Oak Company 
erected buildings and made surface explorations. The copper bearing 
rock is similar to that which is characteristic of the whole of this range, 
and to describe it more in detail would be superfluous. The location is 
now abandoned. 

Jrom this range west to the Montreal river, (we speak not now of the 
Porcupine mountains,) the country is low and swampy, affording few 
facilities for mining operations. The rocks rarely emerge to the surface, 
and, when observed, are in isolated knobs, instead of continuous ranges. 

The bed of the Presqu' Isle was examined by us with great care, as 
well as the country lying west of the river, before the organization of the 
survey. The conglomerate is seen flanking the trap on the north, as 
well as intercalated with it in lenticular bands. The junction between 
the two classes of rocks occurs in section 26. 

Township 49, range 45. — The trap resembles that of Keweenaw Point, 
and, near the junction of the different mineral planes, is highly amygda- 
loidal. The zeolites, so rare in the Ontonagon region, are here very 
abundant. 

A bed of quartz slightly tinged with the sub-oxide of copper is seen in 
*the trap on section 26, near its northern limits. Numerous and appa- 
rently contemporaneous fissures traverse the mass, which are filled with 
prehnite, laumonite, and • calc-spar, through which native copper is 
oiflTused in small specks. Fissures of greater power, and apparently of a 
later age, cut the mass in a north and south direction, but they are rarely 
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metalliferous. Between Presqu'Isle and Black rivers, occasionally, de- 
tached knobs of trap are observed, which afford no inducements to mining. 

The Cypress River Mining Company erected cabins on section 26; which 
were subsequently abandoned. « 

The bed of Black river, above the point where tlie conglomerate and 
trap meet; exhibits few exposures of rock. On section 5, towpship 48, 
range 46, the Chippewa Mining Company explored a vein in the bed of 
the stream to some extent, but developed nothing valuable, there being an 
ill defined vein through which native copper is sparsely disseminated* 
The trap here rises in hills two or three hundred feet in height, occasion- 
ally exhibiting mural escarpments. Beyond these hills southward the 
country sinks down into a nearly level plain, covered with deep deposites 
of drift. 

Between the Black and Montreal rivers a low range of trappean hills 
runs parallel with the coast, but in no instance intersects it. To the 
^outh the country is low and swampy, but occasionally a trap knob rises 
up to diversify the monotony of the scene. 

The Montreal, a rapid, brawling stream, affords a good sefction of the 
rocks. For four miles above its mouth, it dashes through a deep gorge 
which it hsfs excavated in the rocks, laying bare the bedded trap, con- 
glomerate, and sandstone. The trap is both compact and amygdaloidal. 
The belt in proximity to the conglomerate is decidedly vesicular and con- 
tains an abundance of the zeolitic minerals, in which occasional traces of 
copper are observed. There are numerous irregular veins of a hard, 
quartzose material, occasionally stained with copper, bearing north 55^ 
west, with a dip of 45° or 50*^ northwardly. They are very limited, and 
we do not consider them as affording any possible indication of valuable 
lodes. 

The Montreal River Mining Company occupied sections 23, 24, 25, and^ 
26, township 48, range 49. The exploitations of the company were very 
limited, and the locations are now abandoned. 

PORCUPINE MOUNTAINS. ' 

These mountains, as will be seen by an inspection of the map, ar^ an 
off- shoot at nearly right angles from the main range, and form the cul- 
minating points in the district, if we except a few points near Agogeblc 
lake. They assume a crescent form — a peculiarity in the trappean rocks, 
which has been noted by Dr. Percival in his description of the geology 
of the State of Connecticut. The great mass consists of quartzose por- 
phyry and jasper, though in other portions the amygdaloid is not want- 
ing. Copper has been observed at numerous points, but no valuable 
lodes have been, nor probably will be, developed. To show the char- 
acter of the rocks, and the association of the copper, we will advert to 
the principal points where explorations have been made. 

Township 51, range 42, section 27. — The Union River Company have 
here made quite extensive explorations — ^more so than any other company - 
in the region. The seat of their mining operations is about two miles 
from the mouth of Union river, and is elevated .309 feet above the lake. 
A bed of trap, 500 or 600 feet in thickness, is included between parallel 
planes of sandstone, and dips northwest at an angle of 25°. Along the 
line of junction between the sandstone above and fhe trap below, and 
occupying a thickness of about 5 feet, is a bed of amygdaloidal chlorite, 
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containing copper in bunches and disseminated. On this bed two shafts 
have been sunk to the respective depths of 100 and 128 feet, and a gallery 
extended between thnm. Two vertical shafts were also sunk to intersect 
the inclined ones. The intention of the company was to make usfe of 
the hydraulic power afforded by the stream to raise the attle. Subse- 
quently another shaft was sunk farther north, through sandstone, 
which intersected the bed at the depth of 120 feet; but the attle thrown out 
disclosed only a trace of copper. The hanging- wall of sandstone afforded 
several very good speciialens of silver. In contact with the foot- wall there 
was a thin seam of clayey matter, called by the miners Jtucan, consisting 
of decomposed chlorite. Near the surface copper was found in considera- 
ble masses, some of which weighed 50 pouiids; but we could not gather 
that these occurred in the downward progress of the shafts. The copper 
here often forms a thin envelope around the exterior of the vesicles of the 
trap, while the middle is replaced by chlorite or calc spar. The mass 
brought to the surface was very meagre in copper, not exceeding one|^. 
per cent. 

In the bed of the stream, a few miles above the mine, is a large mass 
of quartzose and sparry material in the trap, with chlorite interspersed, 
which has been explored to some extent. It has a reddish tint, commu- 
nicated by the sub-oxyde of copper. The workings are now abandonded. 

Township 51, range 42 — On sections 22 and 27 the Boston Mining 
Company have made surface explorations, which resulted unfavorably, in a 
trap belt, which is an extension of that last described. There is a vein of 
quartz and silicate of lime, containing traces of metallic copper, which 
bears NE. and SW., and dips NW. at an angle of 30° or 40°, and varies 
from eight to ten feet ifi width. The trap here is very much fractured, 
and contains seams of highly polished chloritic matter (slickensides.) 
^t the junction of the trap and sandstone, no signs of the bed wrought 
by the Union River Company are observable. 

Township 51, range 42, section 32. — Near the correction line, a shaft 
has been sunk to the depth of fifteen or twenty feet into the hard jasper, 
which remdins a monument both of persevering industry and misdirected 
effort; since the difiiciilty of boring and blasting the close grained and 
tough silicious rock could only be equalled by the absurdity of attempt- 
ing to mine a seam of clay in perfectly barren walls. 

Township 51, range 43. — This township has been the site of much 
mining exploration, and therefore deserves more than a passing notice. 
It is much broken by ranges of the Porcupine hills, and mural precipices 
extend from the centre of section 13 to 30. The highest point is 975 
feet above the lake, and on the side opposite the coast presents a vertical 
face of several hundred feet, with a steep talus of angular fragments at 
the bottom. The trap, which attains a thickness of several hundred feet, 
is included within parallel planes of detrital rocks. This range bounds 
the valley of the Carp river on the north; while to the south, and within 
the distance of a mile, a second range is observed, composed of amygda- 
loid, having rounded summits. Still beyond.occurs the elevated range of 
Quartz and jasper rocks, in which no trace of copper has been detected. 
Almost all of the explorations in {his township have been made in the 
first range, near the junction of the trap and sandstone. 

On section 14, the Isle Royale Company explored a deposite of copper 
in some respects similar to that of the Union Company. The sandstone 
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masses of metallic copper, one of which weighed 55 pounds, were found 
here dips at an angle of 30° to the north, and has been much altered 
by contact with the igneous rock. A seam, about a foot in width, 
consisting of bine plastic clay and chloriie, with rounded fragments 
of sandstone, is interposed between the two formations. In this seam 
directly in contact with the trap. An inclined drift was carried on the 
bed to the depth of 20 feet, but the traces of copper became more indis- 
tinct. Several feet above was a seam of calc-spar, from one to four inches 
in width, and in some places expanding to a foot, intermixed with frag- 
ments of the walls, forming a breccia; several feet below, a narrow seam, 
carrying metallic copper was observed, but it gave no evidence of 
being valuable. The annexed wood-cut is a section of the cliff at this 
Fig. 7. point. About one-fourth of a mile west, 

the same company explored one of the vein- 
like masses of epidote, associated with 
native copper, like those west of the On- 
' tonagon, bearing north and south, but it 

afforded little encouragement to persevere. 
Township 51, range AH. — The Delavan 
Company explored ou sections 27 and 
2S. There are no regular veins or ap- 
pearances of veins on either of these seu- 
tions. The rock is epidote, passing into , 
^ amygdaloidal trap, so intermixed that it 
is impossible to draw the line of demar- 
cation between them. The amygdules are often filled with epidote, 
both pulveralent and crystalline— the bright green of the former forming a 
striking contrast with the dark' brown of the latter. A shaft was sunk a 
few feet in the rock, Which here presents a very brecciated appearance^ 
traversed by numerous seams containing calc-spar and the zeolilic minerals- 
Traces of the gray sulphuret of copper were here observed, and also on 
section 21 ; on the adjoining section 33 the Croton Company sank a shaft 
in a similar rock, but fonnd nothing to induce them to persevere. 

On section 30, the Isle Royale Company mined pretty extensively. 
The character of the rock is similar to that on section 14, before described. 
With regard to the Porcupine mountains it may be said, without hesi- 
tation, that there are no indications of copper of sufficient promise to 
warrant mining enterprises. There are no true, well-defined lodes, but 
irregular seams promiscuously scattered through the trap. 

We have endeavored to give, briefly, a synopsis of what has been done 
in the way of exploitation by the several companies. .Originally, all of 
the trap belt was secured by permits, and even portions of the saiidstone- 
It will hardly be necessary to say that these permits were located at a 
time when the speculative fever ran high, and when the mere presence of 
trap was regarded as a sure index of the proximity of valuable lodes of 
copper. Before the expiration of 1848, nearly all of the companies in 
this region had abandoned their locations, regarding them as worthless; 
and, at the end of the succeeding season, there was not, to our knowl- .■ 
edge, a white man left. 
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la maaj respects^ Isle Royale may be regarded as the counterpart, of 
Keweenaw Point. On both, the lines of upheaval are nearly parallel^ ex- 
hibit the same banded structure^ and yield the same metallic products* 

There are, however, minor difierences. The conglomerates here are 
not devdoped on so grand a scale -Afferent systems oi fracture ai^e found 
to prevail; but on both shores, the lines of inclination converge towards 
a common centre, forming a synclinal valley several hundred feet below 
the ocean-level, which is occupied by the waters of the great lake. 

We have seen that the Jesuits formed the most extravagant notions with 
regard to the mineral wealth of this island; and those notions, though 
greatly modified, prevailed among the explorers at a later day. Nothings 
however, has been revealed to justify those expectations; and the islani^ 
for mining purposes, may be regarded as infinitely less valuable than Ke- 
weenaw Point, or the region in the vicinity of the Ontonagon- 

la an agricultural point of view, it is less valuable than any portion of 
equal extent in the district The soil is scanty,, and the timber which it 
4nistains is dwarfed and stunted. 

Range and extent — metallic contents. — The trappean rocks range ' 
through the island in a northeasterly and southwesterly direction, forming 
numerous ridges, which seldom attain an elevation five hundred &et 
above the level of the lake. Almost everywhere they present a bedded 
structure, and the beds display marked lithological differences. The lines 
of bedding almost invariably are found to be coincident with the lines of 
stratification in the detrital rocks which occur on tlie southern portion of 
the island. 

A line drawn from the western extremity of the island, and cutting mid- 
way between Siskawit lake and the bay of the same name, would repra- ' 
sent the junction between the two formations — the igneous occupying the 
northern, the aqueous the southern portion. Prom the eastern point the 
line curves abruptly, and approaches the shore on the south. There is 
evidence of a powerful lateral dislocation here, by which one portion of the 
mass has been forced beyond the corresponding portion, thus interrupting 
the continuity 6i the strata. Other evidences of th.e same phenomena have 
been observed on. oU:ier portions of the islaij^d, which will be described in 
the detailed geology. , The length of the line occupied by the trap, from 
Phei^'s island, in Washington Harbor, to Passage island, which is aiv Ex- 
tension of Blake's Poiuit, is fifty one miles; its breadth varies from four 
and a.half to s^ven miles. The physical obstructions to a successful ex- 
ploration df the interior of the island are greater than we have encountered 
in any other portion of the mineral district. 

The shores are lined with dense but dwarfed forests of cedar and 
spruce, with their branches interlocking and wreathed with long and 
drooping festoons of moss. While the tops of the trees flourish lu;s;u- 
liantly, the lower branches die off and stand out as so many spikes, to 
oppose the progress of the explorer. So dense is the interwoven mass of 
foliage that tKe noonday sunlight hardly penetrates it. The^iir is stifled; 
and at every step the explorer starts up swarms of musquitoes, which, 
the very instanf he pauses, assail him. Bad as this region is by nature^ 
man has rendered it still worse. Fires have swept over large tracts, con- 
suming the leaves and twigs and destroying the growth, while the hesfry 

6 ' • .;'•••- 
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winds have prostrated the iialP^h&irea trunks, and piled th<Mn up so as iff 
^oripa almost impepetrab.le barriers. 
" Ai we'bticehd'the tidgesi'the ililipte and the liirch' replace ihecedar-dnd 
di^sjituoPj atnt^'the'physical obstructions become less tbrmidabto. Thest 
ridgesi iJcctir at sJiDjt ifitervalsj and preserve a gteat Ae^M of psKilleliisDi-^ 
tdarin^'norfbwest and southeast, Snd are uniformlyprecipiWuB'On' the-, 
iiortH, and gently sloping on the south. ■ The valleys between are occUr 
^ied ,bv swampF, clothed with a dense growth of resinous trees, orwitb 
smalt lEikes iirhinged in chains. The coast of the island is rock boandj 
a.ud, like Iceland, intersected by ntinlGTous fetords, or natrow and deeply 
udetited bays'; 

' 'in descTibiHg the detailed geology, we commence at the eastern exr 
•ofemity of the island, and thence proceed west. , 

"■'jtange'S^. — Passage island occurs within" this range. Tt is three .miteE 
"fttrtri the nearest point of the main land, and was fabled as posssssing 
..rocks of pnre copper,. so'lSiat when a'stone was cast against ihtim s sauna 
Tiki that' i^flceeding from brass was- emitted. It is two miles in length , 
■'iiid its 'shores are rock bound, but indented with'numerouK bays.^which 
^ord excellent boat-harbors. The prevailing rock is a. dark -varioloid trap, 
'which rises near the centre of the island to the height of more thori one 
;liun^red feet^ intersected by nuniercais veins runHing north and aouth, 
lint howhere affording much inducement for mining enterprise, 

Ran^e S3.towtisMp$ 66 and 67. — Within these townships are nunier- 
..das projecting headlands and deeply indented bays, known as the. Floors 
.^of Irfle' Riiyaie, The southern portion of Rock Harbor is bounded by a reef 
ofislandfi, twenty-four in iiumber, arranged in a linear direction. Thft 
rock is a dark -gray trfip, not very firm, and occasionally contains ^amyg- 
dules, filled with agate, 'chlorite, chlorastrolite, calc-spar, 6cc. A nah'ow 
"belt of conglomerate is seen intercalatf^d in the trap, bearing northeast and 
Southwest, and dipping southeast 13°, and good exposures occur oh Can- 
brtu and Mott's islands. A seam of calc-spar, about eight inches in thick- 
ness, conforming in course and inclination to the conglomerate) runs 
through several of these islands, which, in a region remote from masses of 
limestone, may ultimately prove of economical value. On Mott's island 
and Shaw's island there are veins of considerable power, but, owinglo the 
proximity of the lake, it was thought that they would never prove valu- 
'able, since it would be impossible to free the mines fronv water. - 
■' 4eoit»WaPoin*.:^Acapof dark-gray trap, breaking into. cnboidalbliDcks, 
ttnd well adapted to the purposes of const[uctioi),is here seen, forming the 
~ . ' ' Fip 8 northern bouniiary 

of Rock Harbor, it 
rises in cliffs thirty 
: and wren fifty feet in 
; height, forming an 
^excellent ,$BEt-wfdJ. 
I Prom the head of 
t the harbor to the ex- 

Strsmity of the point 
thwe is not a pebble 
^ bedfch of any e.\tent. 
w DeneaUi the r.om- 
'pact trap is a thin 
band of amygdaloid ; 
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below this a bed of columnar trap, which gradually rises as we advance 
nor&ward. The columns are arranged in prisms of five^ six and seven 
sides^ broken by joint j, at short intervals; but we nowhere observed the 
structure known as ball and socket. The adjoining sketch, taken on the 
north side of Scovill's Point, will convey a correct idea of the appearance 
of the columnar trap. 

' In the compact trap a well-defined vein of considerable power is seen, 
bearing north of east and south of west, and extending almost uninter- 
ruptedly from Ransom to the extremity of the point — ^a distance of nearly 
nine miles. This has been explored at different points by the Ohio- 
and Isle Royale Company, by the Siskawit Company, and by Messrs* 
Shaw and Scovill. The vein stone consists of chlorite, quartz, and calc 
spar, with native copper in thin sheets and in bunches, and in the com^ 
pact trap presents favorable indications, but, on entering the columnar trap^ 
it rapidly contracts and becomes . worthless, A more detailed description 
of this vein will be found under the head of Mines, 

The columnar trap is also seen on Blake's Point and on Silver island. 
The^amygdaloid before described crops out on the southern side of the 
point. It is of a dark-brown color, and contains numerous agates and 
vein-like masses of pitch stone. On Blake's Point, the trap attains an 
elevation of 250 feet, and consists of a dark-gray varioloid greenstone^ 
traversed by numerous belts of sienite, (crystalline feldspar and horn- 
blende,), arranged in strataiform masses. Copper is generally found dis- 
seminated through these belts. 

On section 33, toVnship 66, a vein can be traced, bearing north 50^ east^ 
containing quartz, chlorite, and spar, with considerable copper. It is ia 
the varioloid trap, but, at the depth of 15 feet, one of the sienitic bands^ 
occurs, in which the vein is ill defined. 

On thiB northwest quarter of section 33 is one of those natural monu- 
ments which instantly attracts the eye of the observer, known as <^The 
Cloven Tower." 

The varioloid trap here rises in two columns to the height of abou! sixty 
feet, which are separated from one another by an interval of only a few 
inches in width. They are very symmetrical, resembling obelisks, and 
altogether form one of the most pleasing features in the scenery of the 
island. 

The varioloid trap skirts the southern coast of. Duncan's bay, in bold 
overhanging cliffs. From their summits, the eye has an almost unlimit- 
ed range. To the north, the Canada coast can be traced for more than a 
hundred miles: all of the prominent pQints — St. Ignace, the Paps, Thun- 
der cape. Pie island, McKay's mountain, and Prince's bay — are distinct- 
ly visible. The many inlets around the island, fringed with evergreens^ 
are seen almost beneath the feet. To the east and south, a boundless 
expanse of water stretches out, unenlivened by sail or other evidence of 
man's works- In peculiar stages of the atmosphere, the outlines of Ke- 
weenaw Point may be traced, resting like a cloud upon the verge of the 
horizon. TChe amygdaloid emerges from the base of these cliflfs, and, for 
the most part, forms the underlying rock on Locke's Point. It is of a 
dark-brown cojor, and very sofl, dipping southerly at an angle of 40^. 

Range 34, toivnships 65^ 66, and 67. — ^The following section, across the 
island, nearly through the centre of these townships, north and south, 
will show the contours of the country and its geological structure. 
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Tbe BOntAera coast iD titis range la rnck-bound'i thdrpolcsiiia^ qisjpg 
iu rounded, irre^lar masses lo the'height of fifty ,feet, Nunerotig oovoa 
-occBrj bouncted b}^ liiglidiffa at tlie entraoca, with pebbli)^ beaches at the 
ezlTcmitf , which ace secure pISoes of nfuge ia a storm, Goipe from what 
-gaarteritmsy. 

The .QQtraiice ip Chippewa Hwbor afToide p beautiful section of the in- 
tercalations of lh6 aandstQile and trap, thers being no less than five in th«! 
distance of less than a milp. These beds bear SW. and NE., and dip 
frtHn 12° Ui 20° to the SE,, and lespectively vary Ijxima footloSO feet ia 
thickness. When, traced across the harbor a few cods only in extent^ 
they are found to have been subjected to a powerful dislocation^ extendi 
ing in a NW. and SE. direcliwi, and amountitfcg to 971 feet in a linesut 
direction. 

At and near the junctions of these dilTerent rocks, marked changes ia 
their liihological characters 'are observed., which throw much, lig^ ioB 
their origin. 

The i^er portions of the sheets of trap are highly iv«siculari, nesera* 

bling pumice. Fragmeats of amygdaloid, sometimes roundedj'at .ot^ms 

angular, are found enclosed in the pumice-like trap, as though, they 

had.become detached and aftefw,ard)4 renmted to the, mass, ^l^ltfi .in |ft' 

molten statt^ tiumerous short and irregular; fissures, extending! to 

no gr^at depth, are O'bserved on the upper surfaije of the trapnin w;hiQl^ 

^sandstone has been deposited- The following sketch \v>ll expUiii ths 

F^. 10. nature of the fiaajUires and tbe^popition 

of ^e include &agm«lils of ismygdaf 

lojd. Between the f(au/fl(^ii« above and 

.; the iropieiiiu>,ii isextrem^ly diffiquJtitQ 

determine where the one begins, and the 

lOtherends, Fragments of amygdaloidj 

ftngular or partly muttded, are included 

"in the saodstone — mqte tiumerous im^t 

the base than at the :top of tha.deipofr 

' ites. Where the sandstone isjimpogad 

on 4he trap,, there is little, evidence, of 

its having been metamorphosed; but, on the other hand, wtwce th^ 

trap rests on the sandstone, the line of junction is clear and well defiaed. 

The trap is less vesicolar; and the upper poition of the saodstone belt,,for 

tbedistanceof tlireeor four feet, is converted into a libboji jaEiper, haFing 

a collect texture. These phenomena have been observed at nuroeroim 

i^ace»both on Isle Royaleaad Keweenaw Point- The beds of stmdstooa 

are not shattered, nor does the igneous lock pevetrstein tjie form of dikes 

' or ramifying veiirs. All the phenomena indicate that the igneous rockit 

were i>ot protruded in the form sf dikes between tlw sifatft, ' but, that tb«jf 

dowed lilte iava sheelsover the j»^ «xisdng Burlaoe j and that the sand wa» 

deposited in the fissures and depressions of the igneous belt, in aofon 

txuses, while the mass was in an incandescent stale. 

A bpd^ crystalline' oalc-spar, Varyiog in thiplfliess fram six .inches t9 
two feet, is observed in Chippewa Harbor, and is Well adapted to makiqg 
-<|aieklime. Thin beds of epidote, contaminga&tive oe^>ier>,4reiaLs:0:Qb? 
GerVBdj having a bearing and dip coufermable to ih6;aaawlea^< 
'. Such is the nature of the countiy, that it ie tmp9«siblei ivt\^ax4 thuw 
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WngftenheTate bands to iny conisiderftble extent, but they pTobaWy wteflge 
otit itl s^ort distances, forming^ in fact 'lenticiilar bands. 
• A thin belt of congtememte lines the northern shore of Congidintntte 
tay, with a dip of 6^ to the southeast, and is protracted thence along the 
southern shore of Rock Harbor. A thin belt of sandstone occurs .abontt 
a fourth of a mile north of Ransom and this is the farthest point north 
*long the line of the section at which the purely detrital rocks have been 
observed. 

' Between the lake shore and Rock Harbor, embracing the fractional 
township 65 and the extreme southeast portion of 66, the rock is a dark 
<5ompact trap, occasionally amygdaloidal, consisting of hornblende, chlorite^ 
^jnd feldspar. The stratiform appearance in places is very marked, par* 
ticularly near Conglomerate bay, resembling in some respects a sedimen-» 
ttiry rock altiered by heat. Occasionally a band of crystalline greenstone 
:U found included in the softer rock. 

The ridges which form the Fingers of the island, before described, ex- 
tend through township 66, and present few differences in external char- 
-acters. The crystalHne greenstone which characterizes the middle range^ 
-Ktid of which Blake's Point may be regarded as the prolongation, forma 
'the culminating point on this part of the island. In the southwest 
- qharter of section 15 it rised to the height of five hundred and thirteen feet* 
In crossing the island from Rock Harbor to Amygdaloid island', the trav- 
-elter encounters a series of sharp ridges, with intervening swamps* The 
4e»scarpniients are invariably on the north side, while on the south the slope 
:i6 gradual. The clusters of islands and headlands on the northern 
portion of this township consist of amygdaloidal and compact trap, but 
afford little encouragement fiw mining enterprise. 

The best mining-ground in this range is near the junction of the two 
« systems of rocks in towAship 65. The trap is traversed by numerous 
Veins, some of which appear to bemetajliferoas. The main veins pursue 
r-Sin easterly and westerly course parallel with the formation, but dip to the 
.Tliotthwest^ thus forming nearly a right angle to the inclination of the 
^sedimentary rocks. Datholite, in many cases, forms nearly the entire 
jfangue. Numerous explorations have been made in this vicinity by the 
Ohio and Isle Royale Company, which will be noticed under the head of 
, Mines. • 

Range 36* 'totimships 65 ofnd 66. — ^Sandstpne and conglomerate forms 
-the projecting points by the lake shore in the southwest quarter of Xjowol* 
-«hip '65. Along the line of junction the same phenomena are ob- 
«rery^ as at Chippewa Harbor. The coast is lined by heavy tnaseesiof 
ttap, with occasional indentations, which afford excellent boat-faarbois^ 
P-bWferful fissures traverse the rock in a northerly direction, . and ocoaV 
irfonally afford indicaiibns of copper* On section. 34 a vein of this kind 
I)£ls be^n explored uva Hmited extent. Stratiform masses of epidote, oon« 
tailing coJ)per, are also observed, included in the trap. . 

Receding firom the lake^ shore, the country becomes iow, and the^oak 
tarely emerges to the surfafce. In the south pari of the northwest .qaatter 
^f section 24, amygdaioidal trap was c^bserved, contaifaing the zeolite mib« 
erab. It is exposed in the bed of the siream which connects Siskawii 
lake with the 4ay> almost in contact ^with the conglomierate, and is trav- 
m^d by mimerous an4 apparently contemporaneous fissures, occasioilally 
affording traces of copper. 

After crossing the first chain of lakes, the country is intersected by 
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ifiairf ^tmp rid^es^ siopiog from the sdmmit 16 the)96tHheksty but brexkinsr 
oflf abruptly in perpendicular cliflfs to the north#^st. The rock is* m 
laid erystalline greenstone, with belts of porphyry simiter to those before- 
descKbed. 

• -At»the head of McCargoe's cove, the rock is amygdaloidal trap; but 
between thi« point and the lake shore, on either side, high cliffs of green- 
itone 'occur. The same lock bounds the coast from the outlet of th» 
cote to Todd*i3 Harbor, intermingled with bands of porphyritic trap,, 
living ithe liegularity of sedimentary deposites. ^This appearance is parti- 
©iilarly marked on the main shore, opposite Hawk island. The outer 
reef consists of amygdaloid which is also seen underlying the greenstone at 
^he eastern extremity of Todd's Harbor. Occasionally veins running 
north and south traverse the greenstone, but are for the most part 
pinched and unproductive. The best vein of this class hitherto observed 
occurs on section 12, in the adjoining range west, and is wrought by the* 
PHtsbuTg and^lsle Royale Company, with a good prospect of success. 

Range i%;,totimships%i, and 66. — The northern coast of the island in 
thie rangie is lined with high clijffs of greenstone, so little indented as 1o 
affordhairdly a boat^'harbor. It breaks into cuboidal blocks, and occasionally 
presents the banded structure before described. Numerous north -and* s6ntht 
veins are obiserved, and the garigue alMott. invaliablyt exhibits traces of' 
copper.: In the interior,^ the main range of trap courses through the 
town*ship itl a northeasterly and southwesterly directieil, but the subordi 
nate ridges are less clearly marked. The i?outheastern«portion of town- 
ship 65 is low, atnd the rock rarely emerges to the surface. The same- 
remarks will apply to the fractional township- 64. Near the southern 
border of Siskawit laffb," the linear Surveyors are said to have discovered 
a vein of some promise; but it eseaped our notice. They also found on 
the chores of this lake a mass of native copper weighing about twenty 
pounds. The southern coast in this range consists of conglomerate apd 
sandstone. 

Range 37, townships 64 and 65. — A line drawn from the southwest 
qnaSrter of section 13, in township 64, to' the centre of secdon 81, will in- 
dicate very neatly the junction of the two systems of rocks. In followinjg* 
uptlief-sihall stream which flows into the northern arm of Siskawit bay, 
the trap ii^ exposed for the first time on the northwest quarter of sectiohr 
23. Numerous parallel ridges are intersected in crossing the island, 
whiefh attain no gt^at elevation. The highest range lies immediately 
north of Lac' De^or, and consists of greenstone, affording no evidence 
of veins. The northern coast in this range is so girt with rocks that ia- 
roti^ weather it is impossible for the voyageur to effect a landing. 

• JroHffc 38*, tottmsfiips 64 and 65.— ^tit a ismall portion of township 64 \b 
einbf£t<3d iri the trap range, and the heavy acbumulations of drift effect- 
ually ^bncM the rock'. A ridge ©f hills, two or three hundred feet high, 
ikirte Washington Harbor on the south, ivhieh are sO covered with dfibfisr 
th dt'^llfe' rock cannot b6 well explored . Loose masses of veinstone have- 
been observed on the flanks of the hills, which would tieem'to indicate 
the presence of veins. ' « . '' s •< f^ 

AnHthet elevated ridge occurs between Washington Harbor and ih^ 
lake? 'shor^ <m the nt>rth. The rocks rise in b^ld, perpendiealar cliffs, .and 
fiom^'thelf Summits the eye has an almoist 'unlimited range. 

The shore is rock-bound, the cHffs ranging in almost unbroken lines^- 
and presei^Jing a wall-like face towards the lake in many places a hundred 
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feet in hcigtrt. Hugennin's cove is th« only harbor ja thre minHy ittr 
«hi«h the voyageur can laHe refij^. , 

The cliffs along tlie shoie exhibit numerous aUemation* of -^fiferent 
Igneous locks. The following sketch Avas taken on section 28/ Thin 
F15. 11.. bsuKls 01 porphyry w* fowid 

imbedded in daiki «ocDp«e4 
trap. Thoy bear northdost 
and sonthnrcse, tfaJdipsouth-n 
east 21°. Whether tbese-ad- 
ternating bands are due b> 
successive nvecflovsof i^ai 
ous matter, 01 are thoresultof 
diffetent aflinilies ^vhiletha 
entire mass was in ^ incvn* 
descent state, we are not pre- 
pared to ssyj btttue iivzltlKd 
^ to the former opinioa^ aibce 
the lines of bedding RTO foubd 
to corrac^nd wil& tfaose «f 
the detrital rocks. ' 

At another point on the coast the fjHoving section wag ohserred; ■ 

> ' Fml InchHi. 

. Comract Imp, brealciiig into cutwidal blook*' - - • - - 15 . 6 - 

Porphyritic Imp ---.-------- 3^ 

Compact trap -,--..i-.-.- 4 

Porphyfiik Imp - - - --■■- . ... - OS- 

CompMi irap - - - .,-.■.-. . -I 6 
Porphy titic trap . . -- ,.,<..#.- 1 

Compact trap - ■»- - -_- - - - * ■ • "' 

33 6 

These alternations exhibited well-dehned Unes of junction, an4.:P>ie-. 
served their parallelism along the face of the chf^ as for- as a^poited. The 
bearing and dip were, the same as in the section before described. The 
lines of division pursued an undeviatin^ooursethronghthe seYwal bands., 

A small vein was observed at one pomt cutting vertically throughthes^ 
bands, and the veinstone exhibited marked changes in its passage thn^igjji, 
the different belts. 

At a point about one-ihalf of a rnila to the west, numerom.altetnatifups. 
of compact trap and amygdaloid were olmerved, haying , the saine legu- 
Urity'in bedding artd inclination. 

We have observed this banded structure in the igneous rocks, at ahojt 
intervals, &om Blake's Point nearly to Washington Harbor, a distatfoe of 
forty-five miles; and throughout the entire extent of the. island they pre- 
sent aremarkable uiufbrmitj' in bearing and inclination. They wei^UGLi 
daubtedly, deposited at first ib nearly horizonlal sheets, and owb ^their 
present inclination to the same, upheaval which uplifted tlie associated 
sedimentary rocks. We regard them as purely ignegus products, and 
not as the result of metamorphism. 

Range 39, toietiakips &3 ajtd 64. — Between Hugennin^s cove -^d 
Washington Harbor, the U's^Jines the coast in overhanging cliffs a^ hun- 
dred and fifty feet in height; In rounding the end of the island, where 
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^lediffinNttit beds df umqcifld ftftnness havl^^bem expibsed t^ihe>abli(^ of 
the surf; numerous coves are obsemd "^ol^lled up on either side, and skirt- 
ed at the extremities by agate beaches. Rounded masses of prehnite 
containing copper are abundant on all of the islands, and-several beautiful 
specimens of silver have been picked up in the same association. 

Phelp$'s island^ on the southern side of the harbor, holds out strong in- 
ducements for mining enterprise. On the southeast shore (section 10) is 
a vein, healing south-southeast,, 18 inches wide, containing calc^spar, 
prehnite, and native copper. Still further to the east is another vein of great 
power, bearing nearly north and south, and thirty inches in width. The 
veinstone consists of quartz^, laumonite, and prehnite, with native cqpper 
disseminated. 

On the southeast quarter of the same section is another copper-bearing 
vein, well defined, and seven-inches in width. 

Appended to this chapter will be found a tabular list of the traote in 
thi9 district supposed to contain copper. 

In designating snehiands as were regarded $is mineral, we have been 
governed by the following considerations: 

All of that portion underlaid by sandstone and conglomerate has been 
excluded — experieiice' having demonstrated that, although they contain 
traces of coj^r, no valuable lodes need be expected. 

We have restricted the mineral lands to such portions of the trap ranges 
as were sufficiently letevated for mining purposes, where the rock was 
exposed on the surface, and, from its external characters and proximity to 
veins of known value afforded evidence of productive lodes. 

Although the Porcupine mountains afford good exposures of the rock, 
and contain abundant traces of copper, neither the character of the veins 
nor of the containing rocks affords a reasonable prospect for successhil 
mining. For this reason, we have included no portion ef it in the list 
of mineral lands. The same remarks will apply to the trap range in. the 
vicinity of the Montreal river. 

In deisignating the mineral lands on lele Roy ale, we have encountered 
much difficulty. The metalliferous bands, as we have seen from the de- 
tailed geology, are extremely nai*row, particularly in the northern portion ; 
but the physical, obstructions were such as to prevent a successful explo- 
ration iiuand. We have accordingly designated such tracts as were suf- 
ficiently elevated above the lake for mining purposes, and gave evidence 
-of being metalliferous^ without reference to the thickness of the belts. 
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CHAPTER IV. 

STRATIFIED AND SEDIMENTARY ROCKS. 

« * » 

iOlassificcUion of the sedimentary rocks^-^Con glomerate. — External charac- 
ters. — Imbedded fragmerUs of a jaspery roQk,-^Range and extent.-^ 
Keweenaw Point — Veifis. — Attempts at mining. — Porcupine 9nount* 
ains. — Montreal river. —r Section of t/ie rocks. — Mining in Conglome- 
rate. — Divisional planes^ — Semdstone. — Range ana extent. — Com* 
pact or lower magnesian limestone. — Range and extent. — Organic 

« remains. — Resume. 

Having attempted^ with some degree of minuteness, in the preceding 
x^hapter, to set forth the boundaries, range, extent, and peculiarities of 
the igneous rocks of the copper region, it now remains to describe the as- 
sociated sedimentary rocks, which may be regarded as nearly contempo- 
raneous. 

These may be comprised under three divisions, to which are appended 
<he equivalents in the New York classification: 

I. Conglomerate. — ^Not strictly a sedimentary rock, but a volcanic tuff. 

II. Inferior sandstone. — Potsdam sandstone. 

III. Compact or lower magnesian limestone. — Oalciferous sandstone, 
Chazy limestone. Bird's-eye and Black river limest9ne. 

I. Conglomerate — external characters. — The conglomerate of Kewee- 
naw Point and Isle Royale consists of rounded pebbles of trap, almost 
invariably of the variety known as amygdaloid, derived probably from the 
<x)ntemporaneous lavas, and rounded firagments of a jaspery rock whicli 
iiiay have been a metamorphosed sandstone, the whole cemented by a 
jdark-red iron sand. This cement may be regarded as a mixture of vol- 
canic ash and. arenaceous particles, the latter having been derived firom 
the sandstone then in^e progress of accumulation. It is not unusual 
to meet with strata composed entirely of a]:enaceous particles associated 
with the conglomerate beds; «and where these expand to a considerable 
thickness, the associated sandstone appears in alternating* bands of 
white and red, and exhibits few traces of metamorphism; but where the 
belts of sedimentary rock are thin, and come in contact with the trappean 
«ocks, the sandstone is converted into a jaspery rock, traversed by divi- 
sional planes, aud breaking wMh a conchoidal fracture 
• The tyappean pqbble^ pftesn attain a magnitude of eighteen inches in 
-diameter. Their sur^cesdo n(»t present that smooth, polished appearance 
which results from th© attrition of water; in fact, a close observer can 
readily distinguish between those which have been recently detatched 
from the rock and those which have bgen for a time exposed to the recent 
-action of the suri« 

The conglomerate appears to have been formed too rapidly to su{)pose 
that the masses were detached and rounded by the action of waves and 
currents, and deposited with silt and sand on the floor of the ancient 
ocean; for, while the contemporaneous sandstone remote from the line of 
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volcanic foci does not exceed three hundred or four hundred feet in thick 
ness, the united thickness of the conglomerate bands in the vicinity of 
the trappean range on Keweeu^w Point exceeds five thousand feet. As 
we recede for a few miles frona tlie line of the volcanic fissure, these 
amygdaloid pebbles disappear, and are replaced by arenaceous and argilla- 
ceous particles. We are, therefore, disposed to adopt the theory, as to the 
origin of such masses, first suggested by Von Buch:^ ^^ Whe» basaltic 
islands atid trachytic rocks rise on fissures, friction of the elevated rock 
against the walls of the fissures causes the elevated rock to be enclosed 
by conglomerates composed of its own matter. The granules compo- 
sing the sandstones of'many fortnations have been separated^ rather by 
friction against the empted volcanic rock than destroyed by the erosive 
force of a neighboring sea. The existence of these firiction conglomerates^ 
which are met with in enormous masses in both- hemispheres, testifies 
the intensity of the force with which the erupted rocks havje been pro- 
pelled firom the interior through the earth's crust. The detritus has sud- 
denly b^en taken up by the waters, which have then deposited it in the 
strata which it still covers." 

Those pebbles having a highly vesicular structore may have been 
ejected through the fissul'es, in the fonn of scoriae, while in a plastic 
state, and have received their rounded shape from having 'been projected 
through water — on the same principle as melted leai, when dropped from 
an elevation, assumes a globular form.t 

In the jaspery fragments included in the conglomerate, we often observe 
a structure analogous to the woody fibre of treSs. These fragments (plate, 
fig. 2) are composed of laminae, naore or less coiitorted^ and furrowed longi- 
tudinally, like the markings in the extinct plants of the genus sigillaria, A 
series of striae, as fine as the engraver's Hues, run parallel with the lai^er 
ones. These can be traced on some of the specimens, and generally 
extend through the different folds; while others possess a stmcture like 
the cellular tissue ^f wood. We have no confidence in the vegetable 
origin of these markings; nor have we any theory to offer in explanation. 

While ther^ are no beds of calcareous rocks associated with this group, 
we have evidence that, the waters during this epoch w.ere abundantlv 
charged with lime; forwefindthis substance,. in thefoimofcalc-spar, fill- 
ing the vesicles of the amygdaloid and the fissures and^ pores in the con- 
glomerate^ It did not result from deposition, but appears t(riiave been 
forced info the interstices while in a heated condition^ and perhaps in a 
state of gaseous sublimation. 

We know that modem volcanoes evolve vast quantities of gases whieh 
are capable of dissolving various earthy substances; and is it not reason- 
able to suppose that the same phenome»a ^ere exhibited in the foily 
history of our planet, and on a grander scale, when the communications 
with the interior were more numerous and extended, and when the recur- 
rence of earthquake shocks and volcanic eruptions was more frequent 

♦Geog^nl^st. Britfe, s, 75—82. . . 

jThe extinct Tolcanoes of Auvergne afford numerous specimens cf valoanic homht^ which ap- 
pear td hai^e been ejected in a soft state. Mid,, oja eoolang in the air, assumed the form of drops of 
elongated spheroids. « 



•WeoTigfit, theteftrfe, d ji>#4n\*to«tpeBt to fiii4 the products of these gaseous 
emanations in ,the vicinity of the' ii*oleanic foci. 

Range and extent^^minerml comftBtU^ .-^lix descTibing , the trappean 
rocks, we necessarily spoke of the associated bands of conglomerate^ and 
the influence tbe^y exerted on this productiveness of veins* We deem it 
unnecessary to enumerate all of the bands, inasmuch as they are indicated 
on the accompanying maps. 

They are lentiform masses, variable in number and thickness. On 
Keweenaw Point they are numerouo, and possess much regularity, ran- 
ging with the trap, and dipping to the N. and NW. at angles varying from 
20° to 50^. In the Ontonagon district they stre less numerous, but near 
the Montreal river they expand to an enormous thickness. 

On Isle Royede they occur under similar conditions with those observed 
on Keweenaw Point, with this exception, that the dip is reversed— vary- 
ing from 2(r to 40« to the SE. and SSE. 

Manitou island is composed of conglomerate, except a few jutting points 
on the southern coa«t, which belong to the north^n band of trap. Cross- 
ing the channel, which is about three miles in width, we meet with this 
bd.t on the northeastern extremity of Keweenaw Point, and thence it is 
protracted west for about sixteen miles, when it becomes lost in the lake. 
For a greater portion of this distance it serves as a sea-wall; but in a few 
places the water has broken through and ejEcavated long and narrow 
harbors in the more yielding trap. The appended sketch of Horse- 
:shoQ Harbor will serve to convey an idea of the appearance of this rock. 
It occurs in long lines^, with rounded eoatour3,.a^d is traversed by heavy 
fissures, filled with calc-spar. 

A short distance west of Horse-shoe Harbor a spar vein intersects the 

.shore, which in places is niiie feet in width, and bears N. 6^ E. It affords 

•an excellent material for lime, and has been calcined lor that; purpose. On 

this a shaft was sunk near the junction of the tmp and conglomerate, but 

, ho indications of copper w-ere disclosed « 

On Hays's Point anoth^ spar vein^ four feet in thickness, and bearing 
.N^° E., is seen. The matrix, is more or less colored with gre.en and 
Wue silicate of copper, forming the "gjreen rock" of the old voyageurs. 
Several shafts were sunk «pon it in the early days of copper-mining, but 
4he ore was too meagre to be profitable. This vein undoubtedly extends 
through the intervening trap, and is deYelop0d in the second, belt of con- 

flomerate near Foit Wilkins, forming what is known as the Black Oxide 
em. 

The junction between the trs^aad conglomerate is well disfdayed in 
the vicinity of Copper Harbor. The rocks bear nearly due west, with a 
iiorthcriy dip of 86^.. The trap on the upper sur&ce resemj^les pijinice, 
the vesicles frequently empty, but oftener filled ^with calc-spar, n^ateiPi 
chlorite, 4&c. Other portions are wrinkled, fld. though arrested whiU flow- 
isg. Th0 lower portion of the congfomerate does not exhibit a cl^jar'and 
well-defined line of demarcation, but encloses angular ma^sea of ao^ygda- 
loid, as though the materials had been thrown down while the trap was 
in a viscid etat«. This appearanoie was particularly noticed a few hun- 
'dred yards above Porter's island, whei*^ the pebbles, for the distance of 
twenty feet perpendicular, are enclosed in a scoriaoeous mass. 

Between Copper Harbor and Agate Harbor aumeroua veins, cutting 
the fOTnaation at nearly Tight angtes, ar^- observed. The matrix for the 
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most J)art cbnsii^ti^ of calc-s^r, but occaBtiotially sulphate of barjrta i*^ 
present. Many of them have been exptered, and from one, on the souths 
west quarter of section 28, township 69^ raii^e 29, a mass of native cop- 
per weighing about 600 lbs. was taken. 

At Agate Harbor the New York and Lake Superior Company sank two 
shafts to the respective de]^ths of 70 and 90> feet, and nearly comjrieted 
the communication between them by a gallery. The matrix of the veia 
consisted of calcspar and sulphate of baryta> with black sulphuret of" 
copper, but not in sufficient abundance to authorize ftirther operations. \ 
■ This belt forms the outer reef at Agate Harbor, and does not again 
approach the shore. 

Another belt of conglomerate starts from the extremity of Keweenair 
Point, opposite Manitou island, and conforms in direction to the one last 
described, from which it is (Separated by a sheet of igrieous rock about 
1,800 feet in thickness. This is known as the main conglomerate range. 
In places it rises to the height of 660 feet, and expands to athicltness of 
4,000 feet. The eiilrtiinating points^ in the range are back of Horse-shoe^ 
Har"bor and Grand Marais* It inttfrsects- the coast at Sand bay, and pre- 
scribes its form as far as the Lake-shore location, section 33, township 58, 
range 32, when it bends inland and is prolonged towards Portage lakb- 
in a narrow band, which is obscurely traced. It does not differ in litho- 
logical character from the belt previously described. • ' : 

The appended sketch, taken from Fort Wilkins, looking, eastward, will 
convey a correct idea of the contour of the hills. 'J?he gentle slope- 
towards the lake- corresponds very nearly with the line of inclination^ 
whilp the precipitous escarpments on the south may have resulted ftoin 
powerful fissures, which destroyed the continuity of the strata. 

This belt, like the former one, contains numerous traces of copper. 
In preparing the ground where Fort Wilkins now s.tand8, the soldiers- 
came across numerous, boulders of black oxide of copper, varjung in 
weight from an mince to several hundred pounds. Subsequently ^a vein 
was dlcovered a few rods east of the fort, from Meen tp twenty inches in 
' vr dth', bearing N. 7^ E.j and corresponding very nearly in direction and 
pi^itibn to that before described as occurring in' the northern belt on 
Hays's Point. The gangue consisted of calc*spar, analcime, laumonitJe^. 
and occasional crystals of fluor-spar, associated with which were the green, 
and blue silicates and the black oxide of copper. This tract had been 
heated by, the Pittsburg and Boston Company, and was^ the^r^f location 
made after the extinguisnment of the Indian title in 1843. They may >, 
ther^re, be regarded as the pioneers in mining enterprise* 

A part of their miriiiig folrce was directed to the exploration of this 
vein. . It wjkS fotind, near the surface, to consist of the black oxide of' 
copper oi surpassing richness, yielding from 60 to 70 per cent. Two 
shafts' were sunk aboat 100 feet aipart, and the black oxide found in both,. 
bttt, at the depth of fifteen feet, it became exhausted.* The fissure aaad 
^veinstone continued, which induced the company to prosecute fu!rther 
workingis, in the^h^ thaft th6 min^al would reappear. Accordingly, the 
main shaft was extended to the depth of 120 feet, and levels dnven.ih 
either dnfectit/n; on the course of the vein, until it became manifest that it 
was unwise to pr6ceed ftirther.*^ The aggregate expenditures at this^ 

. { ♦ilgportof th«tre8tMs,i(1849.), ' , 
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Thin veins of this oio were abo observed on the Hita looatioil a f^w 
laJes ^bove the moudi of Eagle river, by; tbe,lak^hSr ' 

^ In this range of conglomerate, a ffew roda froi» th^ ouUet of M^nateiMwr 
kke (section 5, township 58, raqge 28,) ocours a vein of biSSrf 
SK^r^vf^r-^'"^ with calcspar. The vein is about Sfeef w^ig 
inches of which IS occupied by the ore. It is so highly silicious as to 

feS'otte w"""'^^^^ ^^' inclination of the ftraWth^'j^'i^ 
18 250 to the NW., which corresponds with the course of the ?e n 
The following secuon represents the position of the vein, and the ma^S^; 
^'^' ^^' ^f associauon. The shaded portions are mm- 

ganese ; the light, calospar. The inclinatioa is 

so great that it soon passes beneath the sui&ce. 

Between Portage lake and the Ontanagon 

river, the conglomerate does not expand to. 

the enormous thickness obswed on Ke^ 

weenaw Point. Limited belts are occa* 

;f sionally seen, but cannot be traced contin- 

"^ uously *for any considerable distance. We 

observed quite a mass fltoking the trap on sec* 

^^ ^ tion 14, township 51, rangei&, bearing north. 

•^Jeast, and dipping north 50*^. A belt, which continues for some 
miles, is observed south of the Algonquin and Dougiass Houghton Com- 
pany's works, and another occupies the northern fl^nk of the trap in the 
vicinity of the Ontonagon river, and can be traced for many miles on either 
ride. Lenticular beds are also of frequent occurrence in the trappean rocks,. 
some of which attain a thickness of one hundred feet. Examples of this 
kind are seen at the Minnesota works, and to the east and west of the 
river. 

At the base of the Porcupine mountains, the conglomerate and associ- 
ated sandstone expand to a great thickness, and, in the character of the 
pebbles, afford evi4ence of having been made up of the ruins of the ad- 
.jacent igneous rocks. Numerous intercalations of this rock are oT)servedf 
in the trap, differing in no respects from those described as occurring ou, 
Keweenaw Point. 

In following up the Presqu'isle river, the black slaty sandstone is ob- 
served to be replaced by conglomerate, expanding to a thickness of several; 
hnndred feet. To this succeeds the bedded trap,, followed by other bands 
of conglomerate. 

In tne region of the Montreal river, however, the conglomerate expands, 
to a great width, attaining a thickness of nearly 2,000 feet. The bout 
ders are, in some cases, fully three feet in diameter, consisting mostly of 
poiphyritic trappean rocks and hornblende, cemented by a calcareous paste. 
This conglomerate bed rises, at its highest point 636 feet. 

The annexed is a section of the rocks from the mouth of Montreal river 
across to the trappean rocks, a distance of about three miles. There are- 
several alternations here of amygdaloidal trap and sandstone. The latter- 
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itffgeiferally sbaly^ and soon crumliles iy the influence of atmos^eric agen- 
«ies. These alternations are finely exposed in the bed of the river, which 
has cut a deep gor^e for some' distance nearly parallel' with the course of 
tbG&'beds. The falls of this river^ which have been before noticed, are 
caused by the unequal wearing of the beds of trap and sandstone, and 
.aie highly picturesque. The width of the intercsdated beds of shaly 
sandstone varies from fifteen to nearly one hundred feet. They alternate 
with beds of trap of nearly equal thickness. The depth of the gorge 
-•wmes fiotn one hundred to one hundred and fifty feet. 
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An attempt at mining was made in th^ ccynglomerate 6n section i8> 
township 50, range 40, a few miles west of the Ontonagon, by the Men" 
denhall Mining Company; and we are informed that not less than $10,000 
were expended on the undertaking. At the time of onr visit, it was 
abandoned. Several shafcs, one of which reached to the depth of 100 feet, 
had been snnk,.and galleries ran from one to the ot^er; the whole of which 
were filled with water. The bearing of the vein is north 17° west and 
may be observed cropping out in the bedof a small stream called M^ineral ^ 
creek, which crosses the location. The gangue is calcareous spar and sul- 
phate of baryta, iii which the gray sulphuret of copper otcurs in very- 
variable quantities, intermixed with silica. The vein varies in width; 
sometimes it.i§ split into numerous! threads, and again it disappears alto- 
gether. Soipae of the specimens of solid ore were from four to five inches 
in width, and we were informed that but a few barrels of this had been ob- 
tained. That lying about the shafts was very meagre, being mostly spar, 
mixed with conglomerate, and containing a small per centage of copper. 
We were informed that the deepest «haft had been carried down belcyw 
where the ore was found iij fhe yeju.. Here the vein pitched to the West, 
with a gradually increased ^Jgle, and w^ underlaid by sandstone. . '. [Pro- 
ceeding southwardly, it became poorer, and the shaft sunk a few rods 
south of the. main one, after having reached a few feet^ was in barren 
rock. The veinstone was, at this point, composed of a curious mixture 
of imperfect agate and calc-spar,in altered sandstone. Efforts were made 
to trace the vein into the . trap, which is contiguous, but without success. 
Both carbonate of lime and sulphate of baryta are here found in .finely 
crystallized specimens. The former occurs in hemitropic crystals of con- 
siderable interest to the crystaljographer. They are a combmation of the 
scalene tiian^lar dodecahedron, of a form hitherto found at only one 
locality ir^ Siieria; also^ in six-sided prisms. Some of the varieties of 
agate were very beautiful, and it is to be regretted that good suites could not 
have been secured for the- government collection.. 

The mining operations here have thrown considerable light on the oc- 
currence of copper in the detrital rocks, and demonstrated that these veins 
are not reliable ones. 

We have^ in another chapter, described the numerous, alternations of 
trap and conglomerate which occur along the northern slope of the trap- 
pean range. Along the southern slope these belts are very rare. Where 
the Bohemian range breaks through the incumbent rocks at Lac la Belle, 
a thin band of conglomerate, not exceeding 30 feet in thickness, is ob- 
served, which has been traced, at intervals, for two or tnree miles. Its 
inclination is 80^ to the south and southeast. Regarding these conglom- 
erates, lying north of the anficlinal axis, as composed, in the main, of 
igneous products, and the sandstones^ on the soulh^ as pii rely detrital a<^- 
cumulations, we are led to infer that', while the region north of theanli- 
clinal axis was subject to^a series of volcanic outbreaks, that to the south 
remained comparatively tranquil. 

Divisional planes. — -The conglomerate rocks — and the same remarks are 
applicable to the sandstones — are traversed by different systems of divis- 
ional planes, which are found to preserve a remarkable degree of uni- 
formity, giving to the mass a crystalliform appearance. They pursue 
straight lines, without any deviation, and extend to unknown depths; and 
so sudden was the shock by which these fissures were formed^ that the 
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ihfervciriBg pebbles ate cut in ivrain. - 'The main fi^stwres pursue a course 
varying but a few degrees from 'the true ms^netic meridian, which is 
found to be the case in other countries. The rocks trafversed by these 
fissures often exhibit not only a vertical, but horiaontal .dislocation. To 
convey anideaof their direction and uniformity, we submit the following 
observations taken with great care by Mr* Hill: 

» 

MAIN FISSURES, 

Commencing at the western extremity of the point north of Agate ffarSor, 

and thence running east. 



Links. 



"• • • • 
AS* • • • 

^d* • • • 
d2« • • • 

€8* • •• 

ol« • • • 

90..,. 
182.... 
250,.. • 
300.... 
310..., 
420..,. 
J 525. .. 

. 820.... 

ouU. ... 

i76... 

XtC oA m • • • 

1276.... 

'XtfCKI • . . • 
AuUU • * . • 

i550...., 
1610.... 
1^50.... 
1750.... 



Course. 



North, 12 degrees east.. 
North, 10 degrees east. , 
North, 8 (Tegrees east.. 
North, 10 degrees east.. 
North, 10 degrees east. . 
North, 13 degrees sast.. 
North, 13 degrees east.. 
North, 12 degrees east. 
NoKh, 8 degress east. 

North 

North, 8 degrees east. 

North 

North. • .. 

Northslist 

North, 10 degrees east. . 
North, 5 degrees eastT. 

Northeast. •' 

North..... 

North, 13 degcees east. 
North, 20 degrees east . 

North ;. 

North, 10 degrees west. 

North : * 

North, 45 degrees east. . 
North 



Dip. 



Esst. 
East 
East. 
East 
East. 
East. 

'+ 

East 74 degrees. 

East 

East. 

East. 

East. 

E^st 

Ssutheast 46 degrees. 

East 

+ 
liast 

E£V9t 80 degrees. 

East • 

East 

East. 

± 
Southeailt 



CROSS-FRACTURES. 



Course. 

• 


Dip. 

» i I, . - » 


Bast •.,. 


South 70 degrees. 
South 72 degrees. 
South. 


Bast..... 


~6outh, 60 decrees east , 


fiooth, 8d degrees «ast. 
fitomOi, 20 d<^^es east. 


\ 

^ 



Dtta N€u 60, 



tot 



Near Salmon Trout.uiicr> the saiMiston^ exhibited several sets of fmc- 

tures — one set bearing north, ano&er nortlL.60° east, another north 6(P 

west, and another north 40^ east. Several of the blocks fotm^ by the 

dines of division were measured. The following figoies represent their 

forms: 



s. 10° W. 



S.280W. 



Fig* 14* 



S. 40° W. 
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At Siskawit bay, Isle Royale, two sets of fissures were observed in th^ 
sandstone — one bearing south and southeast, the other south 40° and 6(P 
west. 

A further detail of observations on this head is deemed unnecessary, as 
they all go to prove the general principles before announced. 

Although the conglomerate attains a thickness of five thousand feet, yet it 
by no means follows that the ancient sea in which it was deJ)osited extend- 
ed to that depth. Ripple-marks afid clay-cracks have beei^ observed in the 
upper portions of this group; the one indicates comparatively shoal water,* 
and the other the ebbing and flowing of a tide) or a change in the level 
of the water. 

The inference, therefore, is, that during the deposition of the conglom- 
erate, the bed of the sea was subject to repeated elevations and depres- 
sions, caused by volcanic action, and that its waters obeyed the same 
tidal laws which govern the existing pceana. ^ 

These conglo^nerates, then, may be regarded as local deposites, formed 
along the courts of the volcanic fissures by the joint agency of fire and 
water. When the former causes operated with mtensity, the materials 
consisted of spherical masses ®f lava and scoriae. When they acted feebly, 
or were quiescent, the materials became argillaceous or arenaceous. 

Sandstone. — It is* not our purpose in this report to set forth the boun- 
daries of the sandstone, much less* to describe its characters, where it 
comes in contact with the pre-existing rocks. These descriptions will* be 
reserved for the general report on the palaeozoic rocks of this district. We 
propose simply, at this time,* to show its connexion with the cupriferous 
rocks before described. In order that this connexion may be bett^ un- 
derstood, we introduce the following diagram: 

Fig. 15. 
Iflle Royale. Keweenaw Point 

Lakt Suptrwr, 




. ./ 



a. a CrystaUine trap. 

b, b. Bedded tr#p. 



e. e. Conglomerate. 
d,'d, Sandbtone. 



*0e)A Beobe atales' that the 0arra(co-a£tion of the ocean doee not i^ect the bottom beyond 
the depth of ninety feet. . Divers are said to find the wnter still at that depth daring a ten^p«ii>. 
Sreveneo^y however, asserts that the agitations of the sea reach t> the depth of twj hundred fee^ 
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We have seen that, during the deposition of the san^toae, pumemus 
sheets of trap were ejected, and flowed like lava-streams; and that the 
igneous and aqueous products were so intermingled as to present the up* 
pearance of having been derived from a common origin; and that subse-^ 
quently the unbedded trap broke through these parallel fissures, lifting up ^ 
the sandstones, conglomerates, and bedded traps, and causing the whole ^ 
mass to dip at high angles. Thus, this portion of the bed of Lake Su- 
perior is due to these two lines of upheaval. The sandstone between the 
two lines performs an immense curve, portions of which are at least 
800 feet below the chord formed by the surface of the water. The sand- 
stone is seen on Isle Royale, forming the outer reefs of Siskawit bay; It 
is of a dark-red color, somewhat fissile, and traversed by numerous divis- 
ional planes. Thin beds of conglomerate, composed of trappean pebbles, 
are seen, the whole dipping to the southeast about 8^. This is not a 
purely silicious rock, but takes into its composition a^^gillaceous particles, 
with an admixture of oxide of iron* Passing over to the southern shore, 
the sandstone is first seen on Keweenaw Point, in low reefs, near the 
JLake-shore location, (section 1, township 57, range 33,) beyond which 
pomt, proceeding eastward, it is succeeded by the conglomerate, which 
rests beneath it. Proceeding westerly, the trap recedes from the shore, 
and the intervening space is occupied bv the sandstone, forming a belt 
about ten miles in width. 

About a mile above the Portage, a good opportunity is afforded for ex- 
amination. Here commence a series of bold cliffs, which line the coast 
for several miles. They are ^composed of strata of unequal thickness 
and induration. Some of the strata consist of silex, with thin plates of 
mica interspersed, while others contain portions of alumine, colored red 
by oxide of iron. The silicious strata afford excellent building materi- 
als, and the supply is inexhaustible. Slabs varying from two inchfes to 
two feet in thickness, and exposing perfectly level surfaces of forty or fifty 
superficial feet, can readily be procured. The rock is sufficiently indurated 
to give it strength, and is little affected by atmospheric agents, 't'he water 
is of sufficient depth to permit vessels to approach within a few rods of 
the shore. 

The unequal resistance which the strata oppose to the action of the 
surf has caused the cliffs to assume various fantastic shapes. The harder 
bpds project like cornices, and can be traced almost as far the eyd can 
f^iach. In the siofter n^aterials, the waves, have scooped out numerous 
caverns, resembling gothic. doorways. The nearly horizontal stratifica- 
tion of the rocks, their brick-red color, with occasional bands of a lighter 
tint, and the ^^umerous Vertical fissures by which they are intersected, 
cause them to resemble inmiense walls of naasonry piled up by the hand 
of man. 

TbeSiBjdiiffs do not rsfnge in continuous lines, but exhibit numerous 
prftje<5tions and recessions. Peaks slioot lip aBB^eflhe massViik^^ 
connected by walls, which at the base are 'excavatedlnto arches and gate- 
ways. The whole is crowned by a dense mass of foliage of the birch, 
the mountain ash, the fi!r, and the spruce. From this mass issue numer- 
ous fountains, which precipitate themselves for fifty or sixty feet before 
they minglo with the lake* These cliffs may be regarded as a miniature 
^presentation of the Pictured Rocks. 

As we recede from the trap^ the dip of the sahdi^one diminishes rap- 
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idly^ aad^at^tbe distance of a few miles, the stratificafioa becomes hori- 
f^psL^. The foUawing observations are aidduced: 

ataitm 11 Township 57 JUdcq 33 • Bearing; N. dOo B. Dip 380 ^NW. ' 

" 33 *» 57 "33 " N. 15° E. ** »<» ^ 

" 6 " 56 " 33 " N. 15» E. « 19«> 

-" 29 « 34 « 33 « N. 25o E. " lO^ 

" 9 " 54 « 34 " WNE. « 5<> 

The average width of this belt from this last-mentioned point westward 
is nearly i^n miles, and continues to range 42, where it is intersected by 
.the Porcppine mountains. Its junction with the trap on the noith is 
rarely seen , in consequence of the drift which reposes on it. It nowheie 
rises into ridges, but slopes gradually from the trappean chain, and appears 
to have remained undisturbed since the upheaval of the trap, if w« e3B- 
cept that general elevatory movement by which the whole di^tri^t has 
beea raised above the ocean-level. 

By the lake shore, (section 33, township 57, range 33,) a singular bed 
of sandstone is exposed for a distance of eighty rods; and the same has 
been recognised inland. It is composed of sub-crystalline particles of 
quartz ^and feldspar, but the original granular structure, oa close inspec- 
tion, can be recognised. Its bearing and inclination are conforms^le to the 
adjacent beds, being north 82J^ east, dip 26^ north -northwest. From 
the Portage to the Montreal river^the sandstone is exposed along the lake 
shore at short intervals. The further it is observed from the ti^ppean 
rocks, not only does its inclination become less, but the strata are less 
colored, and the cohesion between the particles is slighter. 

Between Salmon Trout and Misery rivers the inclinatioais very slight, 
not exceeding 5° to the northwest. The trap range between these two 
rivers is about si;c miles inland, and consists of low dome-shaped knobs. 
To the west it is more prominently developed, and the sandstone in the 
vicinity acquires a sharper dip, which gradually increases until, at the* 
base of the Porcupine mountains, where the trap approaches witibin a 
mile of the lake shore, rising up in a lofty ridge more than a thousand 
feet in height, the sandstone is tilted up at an angle ef 30^ or 40^. The 
intercalated beds in this vicinity are found to present a nearly uniform 
<iipji showing that their elevation is due to a single upheaval. 

At Iron river, and at several other points, the sandstone is very. fissile 
^d of a dark-brown color, resembling a slaty rpck . This rode is ob' 
served to dip in a direction different from the general dip of the sand- 
.stone which lines the coast. This diversity nas been occasioned by the 
upheaval of the Porcupine mountains, whose prolongation is at nearly 
lignt angles with the general direction of the trap range. The bearing 
of the sandstone exposed in the bed of the stream varies from north 
and south to north 40^ east and south 40^ west. 

The Presqu'isle river, a short distancejrfwve ibs mouth, is precipitated ' 
40 feet over the darkrcolored slaty sandstone. It here dips 10° north- 
wardly, the bearing being south 61° west. About one-half of a mile 
from its junction with the trap, it bears north 8° west, and dips north- 
northwest 30°. At the mouth of Black river the same form of sandstone 
appears, and may be regarded as an accidental variety of the rock which 
lines nearly the entire coast. 

Advancing along the coast towards the Montreal river, the inclina- 
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tion of the sandstone gradually increases, and at the latter point it is ol> 
served in a nearly vertical position. It is here about two mileis rennovid 
fiom the trs^^ and has the s^nie' inclination as at the point of contact* 
These dips have been t^ken qu the northern, slope of the trap- range, by 
the lake shore, or in the beds of streams where there was a good expo- 
sure of the rock. South of the trap range, the sandstone is almost in- 
variably horizontally stratified , except in the immediate vicinity of the 
trap, where, for the, most part, it dips at a high angle to the south. Judge 
Burt, however, found the sandstone south of Porcupine mountains dip- 
ping to the npxth. The general relations of the sandstone and trap will 
be better understood by referring to the subjoined section from Lake 
Superior, in township 51, range 43^ to the Ontonagon, river, in township 
49, range 41. — (see opposite page.) 

Passing over the trappean ranges, we find the sandstone occupying the 
southern slope, and bearing the same relation to the trap as the noruierii 
belt, with this exception, that the intervenirig masses of conglomerate are, 
in the main, wanting. On the south side of Keweenaw Point, (section 
27, township 58, range 28,) above Bete Gris bay, the sandstone is seea 
bearing north 22J^ east, and dipping southeast, or away from the trap, at 
an angle of 78^, and can be traced along the lake shore for three-fourths 
of a mile. It is nearly white in color, imposed almost entirely of sili- 
cious particles, and. would form an excellent fires tone. On section 36, 
township 68, range 29, it is again exposed, flanking a thin band of 
conglomerate. It here consists of alternating bands of a white and red 
color, having a high inclination. In, the bottom of the bay, when the 
lake is tranquil, these bands can be seen" describing immense curve«, 
conforming in direction to the course of the Bohemian range. This 
is a point of much, interest, as it enables us to solve Jthe problem of the 
relative ages of the imbedded and sheet trap, and of the associated sand- 
stone and conglomerate. Their order of succession is here distinctly 
traced. 

On .the east side of section 14, township 57, range 29, the sandstone is 
. observed in low ledges^ forming tlie southern coast of Bete Gris bay. 
Although but, a few miles removed j^om the igneous rocks, it reposes in a 
nearly horizontal position. The rock is. very fissile, of 'a deep- red coloir, 
and contains patches* of dove-colored clay and ochre, or hydrous peroxide 
of iron. There arc also numerous concretions, resembling, at first sight, 
'ihe vertebree or joints of crinoids, the, mould being filled with pure white 
jBJlex, while in the centre it is not unusual to see a dark speck correspoiid- 
ing with the alimentary cavity or interrial canal. These concretions are so 
curious that we append a figure.. Cutting through one of them at right 

Fig. 17. 



angles with the planes of stratification, it is found to be a »j)here or ball 
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eavelojmij; iho black spedk whieh senredaffs tmctetis. Ulis peculiarity in 
the sandstone has been noticed at frequent intervals as far east as the 
Pictured Rocks, and even at the outlet of the lake, though at the latter 
place less perfectly developed. 

At Tobacco river the sandstone is finely displayed in alternating bands 
of white and red, forming cnffs fifty or sixty feet in height. Just before 
its entrance into the lake, the stream is precipitated over a ledge of this 
rock from a height of ten feet. The aboriginal name of the xiver is Wd- 
sako€lewabika^'Sepiy or Burnt Stone river, from the prevailing tint of the 
rock. The present nsime applies to the dark color of the water fijrnished 
* by the cedar swamps which skirt the base of the Bohemian mountains. 
Along the shore the sandstone is beautifully variegated — ^parallel bands 
of a flesh-red color crossing the mass without reference to stratification, 
and forming a striking contrast with the buff color which constitutes the 
prevailing tint. (Plate Xtl, fig. 1, retro,) 

Proceeding up Keweenaw bay, we find the sandstone lining the sh v cs 
.in bold cliffs, with occasional entering bays; but there are places wher.jl or 
miles it is impossible to find a boat harbor. The stratification is hori'/S >n- 
tal, or rather consists of numerous gentle undulations. The waves have 
excavated caverns in the cliffs, and fashioned them into many grotesque 
forms. The prevailing dip of the sandstone, we inferred, was about 6^ to 
the northwest. At ene*or two paints we noticed thnt the strata had un- 
dergone slight vertical dislocations. ' As we approach L'Anse, the dip to 
the northwest becomes apparent, and a change in the external characters 
ia noted. The grains become coarser, and pebbles of white quartz are dis- 
seminated through the mass. We rarely meet with a pebble of green- 
stone or amygdaloid. At Crebbesa's ^section 25, township 51, range 33) 
it bears northeast, with a very perceptible dip to the northwest. 

We have thus traced it to the limits of the metamorphic rocks. To 
describe its relations to this system, although it forms one of the most in- 
teresting features in the geology of the region, does not come within the 
purview of this report. 

. The Sturgeon river was explored by Mr. Hill. For twenty miles no ro6k 
V^'as exposed in place, and its banks are bordered with stratified deposites of 
clay, sand, and gravel. On section 8, towhship 51, range 34, angiilar 
blocks of sandstone are observed, and in the southwest quarter of the sec- 
tion the white and red variety is exposed in the bed of a small stream. 
It is extremely friable, and in other respects resembles that which is ex- 
posed at the White rapids on the Menomonee river, south of the great 
anticlinal axis between the waters of Michigan and Superior. 

Near the south boundary of township 51, range 34, the river flows over 
a rocky bottom composed of sandstone, dipping northwest from 2P to 2J^. 
The rapids continue for three miles over this rock. The local disturb-* 
ances in this vicinity by reason of the proximity of the igneous rocks have 
been elsewhere described. The sandstone rarely emerges to the surface, 
but is covered with heavy accumulations of clay. The Sturgetn river at 
the time of our ascent was at high flood, a condition by no means favora- 
ble to geological ex[florations. 

On Ti^orch river the sandstone is exposed in the bed of the stream for 
the distance of more than a mile. It consists of yellow or red grains, with- 
out any visible cement, enclosing quartzose pebbles and patches of dove- 
colored ciay similar to that which 'occurs at Bet£ Gris bay. * 
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to incprporiftle furlber local details . Its boundaries are defined^ to the b<3St 
©f our information, on the accompanying maps. ' *. 

The sandstone extends uninterruptedly from Bete Oris bay to Black river, . 
a {distance of 120 miles. On the west and north it is bounded by the trap- 
pean ranges, and on the south by the granite and metaipnorphic roeksl On ' 
Keweenaw Point it is about ten miles in width, but between the head of the 
bay and Agogebie lake it expands t6 twice thafwidth. It forms a longitucli- 
nal valley, through which sweep the Sturgeon, the Ontonagon, and Black 
rivers, in a transverse direction. The general appearance of this valley is 
that of a nearly level plain, covered to a great depth by stratified deposites 
of reddish-colored clay, in which the streams have excavated deep and 
narrow ravines. It is thickly wooded, and the soil well adapted to agri- 
cultural purposes. 

This sandstone has been examined from Fond du Lac to Grand 
Sable, a distance of more than 300 miles. While the beds, in the main, 
have been so little changed in the process of consolidation as to preserve 
on. their surfaces the forms of ripple-marks and clay-cracks as perfectly as' 
we behold them at this day on the borders of the lake, and while even 
the indentations of th^ rain-drops which pattered upon that ancient shore 
ate well preserved, we search in vain for any traces of animal or vegetable 
life which ik)urish6d during this cpochi* • 'From 1»heir entire absence we 
are led to infer that,' during the deposition of the sandstone, the waters of 
the sea, either from their high temperature or by reason of their impreg- 
nation with noxious gases, or both causes combined, were rendered inca- 
pable of sustaining vegetable or animal life. . i • 

We have adduced abundant evidence to show that during this epoch 
the igneous causes were in a state of intepse activily^-that' numerous lava- 
currents issued from the volcanic fissures, and flowed among the silts and 
sediments of the ancient sea. Modern volcanoes emit carbonic acid gas, 
sulphuretted hydrogen and muriatic acid. These products must have 
been evolved much more copiously during this epoch, when the exterior 
surface of the earth communicated With the interior by numerous and far- 
reaching fissures, at that time unfilled. 

Humboldt supposes that the abundance of limestone which charac- 
terizes the Silurian epoch resulted from thedecieasingheat of the superfi- 
cial waters, allowing them to absorb carbonic acid from the air, at that 
time overcharged with that element. 

before the sandstone was entirely deposited^ the igneous causes had 
almost ceased to operate. We may suppose that, as the waters parted with 
thfiir heat, the limestone absorbed carbonic acid, and was thrown down as 
a precipitate on the floor of the ocean* 

. In these precipitates, farming the lower magnesfan limestone, we detect 
in the rocks of this region the first traces of organic life. The position of 
this member of the series^ and the entombed remains, we shall now pro- 
ceed to describe. ' . 



*We might perhaps except the obscure traces of fucoids described by Dr. Locke as ocourrin^ 
at Ihe Pictured Rocks. One or two specimens. of 7tn^(e ha^e been found in Tequamehen bay ; 
and oa the St. Croix, according to Dr. Oweo, where the eri4enco» of voieanic paroxysms are- 
less marked, the sandstone U highly fossiliferous. 
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COMPACT, OR IXXWBB KAONISSIAK UHEBTOJXE. 

The sandstone, as we ascend from the lower i^trata to the higher, is • 
fouHd to be less colored by the oxides of iron, and to take ii;ito its com- 
position particles o£ lime, until finally it passes into well characterized, 
compact, magnesian limestone. vThe upper portions of the sandstone 
effervesce with acids, where a. granular structure only is recognisable by 
the eye. We ajjply the term magnesian to this belt to define its litho- 
logical characters, although the associated organic remains woxild seem 
to indicate the presence of several of the lower Silurian groups, which 
cannot be recognised by lithological differences. 

The whole of the northern 'slope of the anticlinal axis bears evident 
marks of having been subjected to extensive denudation; and hence over , 
the greater portion of this region we lo6k in vain for traces of limestone 
rocks. If they existed, they have been swept away; and wherever we 
penetrate through the thick deposite of clay and*sand, we find the rock, 
in place to be sandstone. A limited patch of limestone, however, yet 
remains west of L'Anse, forming the highest elevation in that direction: 
till we reach the trap range. It is in towhship 51, range 35, and occupies 
a portion of four sections. It was first discovered by Mr. O. C. Doug- 
lass, in the summer of 1846, but nothing farther was known until the 
towihship was subdivided in 184S, when its extent and exact locality were 
determined. 

Near the quarter- post, between sections 13 and 14, township 61, range 
35, the limestone is seen in place, forming a bluff, about 50 feet above . 
a small stream at its base. Here the strata are nea)4y horizontal, though 
large blocks have slidden down 'the side of the hill> and thus appear to 
dip towards the east. The limestone rests upon a white sandstone, 
•which belongs, to the Upper part of the formation which we have described 
as underlying the whole of this valley. 

A little to the west of the line, between sections 23 and 24, and ex- 
tending for a litUe more than a mile, the limestone is seen in a high cliff 
which runs south and gradually bends ta the eastward, crossing the line, 
in several ridges, near the southern limit of these sections, when it dis- 
appears beneath the drift materials. Ledges of rock are occasionally ex- 
posed, from 20 to 60 feet in thickness. The height of the bluff above the 
surrounding country is fully 200 feet; and about 600 feet above Lake 
. Superior. The limestone is distinctly ^traiified, in layers from an inch 
to a foot in thickness, which dip, according to measurements takwi aloag 
the lower edge of the precipitous portion, from 25*^ to 30°; and the 
direction of the dip is always to the eastward, varyiujg at different pomtg 
from N. 60° E. to S. 2e°E. 
~ It is of a huff /color— in some plac^ silicious, with quartzosB nodules; 
but in others, highly iriagnesian, containing about 45 per cent, of carbonate , 

of magtosia. * 

Finmi the horiawtttaiity of the first described depdsite, which occurs 

abeutu quarter of a mile to the north, it seems evident that the lime- 
. stem overlies the sandstone, although the position of the inclined beds 

of the more southerly portion of the limestone is it first difiicult to 
^^M□riaitt9 Bidoe ihe sifinoundinAountry is low and level, and under- 

Mi^ hfiuaAvtoi^ lin lMriaoiittt( beds, li s^iems evident diiat «t this ^ 
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point the country has hee» disturhed and Upheaved by igneous action 
beneath, which has ridsed the strata^ without any appearance of trappean 
rocks on the surface. This view of the case is corroborated by the fact 
that at no great distance from this point an elevation occurs from which 
. the strata of sandstone dip on all sides^ and although there is nd igneous 
rock visible, yet it is evident that the sandstone has been raised in a 
dome-like protuberance by a mass of. igneous roek pressing upon it 
from below. The same cause is also indicated by the irregular variation 
of the magnetic needle in the vicinity observed by the linear surveyors, 
which is unusual except when caused by the proximity of the trappean 
rocks. 

The isolated knob of trap called Silvelr mountain, which has been be- 
ibre described, is an example in point — where, however, the elevating 
force has not only been sufficient lo raise and shatter the strata of sand- 
stone, but, at the same time, to protrude a mass of molten igneous matter 
above the surface. , 

Geological pGsition.^—As to the geological position of this limestone, 
there can be little doubt that it is superior to the sandstone. Mr. Whitney 
aud Mr. Hill have both explored it with care, and botb have arrived 
at the same conclusion. The sandstone, wherever observed in this re- 
gion, rests unconformably on the argillaceous schists. It is seen in this 
position ten miles east of this deposite, and is fcund in the beds of the 
streams in this vicinity. On the southern side of the axis, Messrs. Pos- 
ter and Hill found these two groups occupying the same relative position. 

OrgQ7iic remains. — The fossil remains entombed in this deposite are 
by no means abundant, and are so imperfect, consisting for the most part 
of casts, that it is impossible to identify species. We have submitted 
. such as were collected by us to Mr. James Hall, the accomplished palae- 
. pntologist of the New York survey, and herewith append his report: 
^ ^'I have examined the fossils submitted to me from the limestone west 
of Keweenaw bay. The specimens, unfortunately, are all in the condi- 
. tion of casts of the interior, and therefore the evidence is less satisfactory 
, than if tl^e shells had been preserved. The evidence from the whole 
together goes to prove that the rocks ftom which they were obtaiaed be- 
long to the older Silurian period. 

*^ This evidence I will give in detail, so that you may judge of its value, 
e^s well as myself; and you may give what weight you think proper to it 
in your generalizations. 

<^Pne of the most conspicuous fossils (No. 1) is a species pf maclurea^ 
pot unlike the species from the Chazy, limestone. All the species of this 
genus yet known have been found in the rocks of the lower Silurian pe- 
riod; and although many hundreds of gasteropodous molluscs are knowix 
in the higher rocks, there is not one of this genus, nor any f6rm ap- 
: proaQhing it. 1 feel inclined^ therefore, to regard this genus as a lower 
Silurian type. . . 

^^No. 2 is a fragment of a spiral gasteropod; either murchisoma or &»r- 
. onema; the surfkce markings being obliterated, it is not easy to determine 
to which of these genera it belongs* Its association with macbitea is 
presumptive evidence that it isamurckiaenia^ the species of which in this 
country are restricted to the lower Silarisin rocks. . 

, ' ^ Among th$ acephalous molluscs, 1j||^ casts of a species of wnbofigiMa 
(No« 3) jS|99 Tery jcpnspi^uou$, The.s||lecies, ^mi iwmx A. 'miksida(d at Ae 
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inreiMfn limestone^ but fM sbmewhat more elongated^ and in this respeet 
a{qicoach A. amygdcdina, 

*^A considerable number of specimens are of species belonging to the 
^enus modiolcpsisj (No. 4,) among which are i^everal bearing a close le- 
ambiance to M, truncatus. Other specimens (No. 5) bear a very close 
^ nedemblance to edmondia subtruncata and E. subanguhUa of the Trenton 
Itoeetone, (Pal. N. Y.,vol. 1, p. 156, pi. 35, figs. 2 and 3;) but these 
c^ectmenS; which are casts, show a greater affinity to modiohpsis in hav- 
ifltg the Strong anterior muscular impression so characteristic of that 
genns. 

*^The specimens No. 6 are casts bearing a very close similarity to ed* 
-mimdia vmtricosa. (Pal. N. Y., vol. 1, p. 155, pi. 35, fig. 1.) These 
specimens cannot but be regarded as identical or closely allied to the spe- 
cies cited. 

/'The cast bears no strong anterior muscular impression, but the laminse 
between the beaks are impressed on both sides by prominent teeth, which 
fiimish sufficient marks to identify the species in this condition. 

'^ No. 7 is another species of the same genus as the last, and is very 
•eloeely allied, if not identical with a species from the Trenton limestone of 
New York. 

"The leptcBficB (No. 8) have the characters of L. sericea^ which in its 
liigfce€?t range does not extend above the Clinton group of New York,. 
■and is more characteristic of the limestone from the base of the TrentbB 
"Upward to the top of the Hudson river group, or blue limestone of Ohio. 

**The species oiorthis (No. 9) is too obscure to be identified, but it pee- 
sents the characters known to me only in the lower Silurian rocks. 

/' The crinoid joints on specimen No. 10 belong to the genus §-?srpfe>- 
-ermus. The species is not more recent than the Hudson river group. 

^^ The fragments of &rthoc€ratites are too obscure to form any reliable opin- 
^ iotis concerning them . The other fossils belong to bodies unknown to me 
/ itt the wesent time. " 

Prom all of the facts, these fossils may be regarded as belonging to the 
^eariier types of organic life. From the limited scale on which these de- 
pofiites are developed, and the imperfect character of the organic remiffitts. 
It 13 impossible to fix their precise equivalents in the New York classifica* 
Ikm. The sandstones and limestones which we have described may 
be i^arded as the equivalents of the Potsdam and Calciferous sarid- 
-4rtNies, the Ohazy, Bird's-eye, and Black river limestones^ and perhape 
•of the Trenton and even the Hudson river groups. 

We have designedly omitted many facts with regard to the palseozoic 
stocks of this region; but in a subsequent report we purpose to describe 
ifaeir raiige and extent, and also their fossil contents. In the executiba 
4if (his task we shall be aided by Mr. James Hall, who has investigated 
4be Silurian rocks nwre thoroughly perhaps than any other Artaerican ge- 
^dbgtst/ ' ' 

» 

Having thus, in several of the preceding chapters, delineated the bound- 

^aiies iaind described the llthological characters and mineral associations of 

..fUlt-different. systems of rocks embraced within the copper region, it will 
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not be dcMm^d U^^opofiJ^ to ad^^art.to &• vising cpaidUtkno^i^fldbe^ 
earth during the, period of their formation. 

We may suppose that at one time all of this district formed a part or 
the bed of the primeyai ocean. Adopting the theory of a ooolii^ ^lobe> 
we may further suppose that the waters were in a located condition^ and 
differed >essentl^ly. in chemical composition from those, of the Resent 
oeeans. The earth's crust was intersected by numerous, powerful fiwmres^ 
and the communication between the, exterior and interior was ui^b- 
^tructed. Yolcanic phenomena were much m<M:e frequent^and exerted 
on a grander scale. Each volcanic paroxysm would give rise to power- 
iiil cunents and agitations of the water, and their abrading action in de* 
Caching portions of the pre«existing rocks, and depositing them in b«ds^ 
and layers on the floor of the ocean, would operate with greater intenetty 
than at the present time. We can trace the remains of one volcanic fis- 
aure extending from the head of Keweenaw. Point, in a southwesterly di- 
rection, to the western limits of the district) and of another, in a pamHe] 
direction> from the head of Neepigon bay to the western limits of Isle^ 
JRoyale. Along the lines of these fissures existed numerous volcanic^ 
vents, like those observed at this day in Peru, Guatemala, and Java*;; which 
were characterized by periods of activity and repose. Fron^ these veots 
were poured forth numerous sheets of trap, which flowed ot^r the sands 
and clays then in the progress of accumulation. During the throes and 
convulsions of the mass, portions of rock would become detached, and 
jounded simply by the effects of attrition, and jets of melted matter be pro- 
jected as volcanic bombs throughthe air or water, which, on cooling, would 
assume spheroidal forms ; while other portions of the rock, in a state of mitMite 
mechanical division, would be ejected in the form of ashes and sand^ 
which, mingling with the water, would be deposited, as the oscillatioiis 
subsided, amon^ the sands spd pebbles at the bottom of the sf a. During^ 
the whole of this period of volcanic activity, the sandi^ which now fotm 
the base of the Silurian system were in the progress of accumulation^ a«id. 
lK»came mingled with these igneous products. The level of the sea, as 
evidenced by the ripple-marks, was subject to repeated alterations: scaxie-;- 
tipoes it rose so shoal that th§ marks of the rippling waves were impsea«ed 
on the sands } at others, it sank to unfathomable depths* 

In the process of consolidation, the rocks became traversed by numer* 
ous fissures, and tte water, charged with lime, was forced in like jets or 
jsteam, filling them with materials different from ,the enclosing aiaas- 
Ir this way the pores in the conglomerate and the vesicles of the "songrg* 
daloid were filled. 

Thus alternating bands of igneoils and aqueous K)cks were formed>* 
until finally the great Crystalline nxasses of greenstone weret protcudipd 
through the fissures, not in a liquid, but in a pla&tic state^ lifting up iker 
bedded trap and conglomerate, and causing them to dip at high ang^ 
fix)m the axis of elevation. As the volcanic action diminished in ^xysrgf,. 
the detrital rocks enclosed fewer igneous products; and, when it ceased 

■ " I II ■ ■ — ■ - , I I I I I I , nil. I ■ I 11 ■ -I ■ - -n — — - 

* Comult, pMtifih ^^ 1a Beche, (Surrey of Cornwall^) Murehiaon, (Silunaii Syatenit) tti4 
Ttofessor £dward Hitchcock, ( — vol. American Joarnal of Scienoey) asto the mode of forauUio» 
,. «f Uie bedded trap. 

*theae belts have aften been described as dikest into which the iftolten matter has been injfeted 
-'^Klofig the lines of least resistance. If this were the case, we ought to find them, like the iSka*^ 
: lai ffotentUme in the franite,, culling across the focmalioo« for that wmdd be the' line -of- least ire- 
•Mance, and p^ietiitbg the mass in ttumeroos ramifying veins* We should expect to find ih^ 
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^Uogother, #aad wd'^lay, dm^Ted'^iiom'r^iiODs ie«iDte from t^ieMMs of 
ilisturbance^ were th& only materials whicM> for a time^ were deposited on 
the floor of the ocean. 

To illustiate the nature o,f volcmiic action, we need only to revert to 
instances which have- happened within the present century.^ So recently 
as 1831, a mass of rock rose up from t!>e sea nean* the coast of Sicily, 
where soundings had {ureviously been made to the depth of r. six hundred 
feet. This mass, which was subsequently known as Graham's island^ 
rose gradually from the water, until it attained an elevation of two hun- 
dred feet above the surface, and a circum|prence of three miles. It slowly 
diminished to the circumference of three hundred yards, and in 'the 
course of three months sank eleven feet below the water, leaving a dan- * 
geronsreef. 

The formation of this island was attended with earthquakes and water- 
spouts, and the effusion of vast quantities of steam and vapor. The sur- 
rounding water was covered with scoriae and the bodies of fishes. Prag^- 
ments of rock were detached by the waves and currents, and deposited 
in the bottom of the sea. 

Now, if its bed were laid bare, it would probably be found to exhibit 
a section somewhat like the following : 

1. A mass of volcanic rock, forming an axis or cone, crystalline or granu- 
3ar in proportion to the rapidity or slowness with which it parted with its 
heat, and the degree of pressure to which,it had been subjeicted. 

2. Volcanic breccia, consisting of fragments which had become detached 
and afterwards reunited with the fluid mass. 

3. Coarse conglomerate, composed for the mo^t pari of pebbles derived, 
from the upheaved mass. 

4. Beds of arenaceous and calcareous particles, brought down by the 
rivers of the adjacent coast, and enveloping the remains of fishes, if not 
too perishable in their nature, and of shells, inhabiting the surrounding 
sea. . 

The conglomerates and trap tufls would rapidly thin out as we receded 
from the volcanic focus, and be replaced by the i^ilts and sediments de- 
rived firom the rivers flowing into the sea. 

Such, we conceive, was the process by which the rocks embraced in 
this report were formed. The heated condition of the fluids, as well as 
the gaseous exhalations constantly escaping through the open fissures, 
would prevent the development of animal and vegetable life. 

I 

junctiou between the igneous and aqueous rocks cWr and well defined, and no marked charao- 
teristiei between the upper an4 loww portions of the erupted matter. . 

This, however, is far from being Jne case. The %tpmr portion of the trap belts is highly ye- 
sicttlar, resembling pumice. Frequently we find angular olocks of trap included in this paste, 
like ice which hiw been broken into fragments and afterwards reunited. We find sandstone de* 
podted in the fiuure9 of the amygdaloid, and angular fra^ents of the latter included in the 
sandstone. Between the two rocks there is no wellnlefined line of junction. The sand and peb- 
fales appear to have been thrown down while the latter rock was in a viscid state. On the other 
bwid, where the trap is exposed reposing sn the sandstone, the line of demarcation is clearly 
defined, the trap is less vesicular, ana the sandstone more changed. These appearances clearly 
indtcala lo our. minds that the bedded trap flowed like lava-streams among the sands while in the 
progress of accamvlolaon, instead of having been injected in the form of dikes after the con- 
•oluatton of the strata had been effected. 



*Tliltiiieident is cited by Marchison in his Silurian System, and applied in illustration of the 
* - of the bedded trap. 
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When the igneous action became dormant, the water, having parted 
with a portion of its heat, \^ould absorb carbonic acid, from the atmo- 
sphere, which, uniting with the lime held in solution, would be precipi- 
tated ill beds and layers at the bottom of the sea. This Humboldt con- 
jectures to have been the origin of the vast deposites forming the Silu- 
rian limestones. As the condition of the water changed, numerous types 
of animal life sprang into being, whose remains are so profusely scattered 
throughout the strata of that era. ' 

NoTB. — Since the forefoing chapter Vaa written we ha?e examined Dana^s Geolony of the 
Exploring Expedition, and find that his description of the Tolcanic belta of the PaciSc islands 
correapondft in many respeets with those of the region under conaideration. 

ThuB, Muni, one of the, Sdindw^h iaianda, is compoaed of compact and cellnlar basalt, and 
compact clinkstone; but afthe northeastern extremity there is a cUff of conglomerate 900 or 400 
feet his;h. In a pass through tlie mountains, Dr. Fickcring observed it 2000 feet above the 
level of the seo, consisting of half rounded fragments of volcanic rocks. 

'On Oahu, the compact basaltic lava aiternatea at times with conglomerate and tufas. Manj 
of the conglomeratss are beds of rounded stones and gravel, of tlie same" material as the naouiw 
tains. Others are compacted .beds of basaHic earth, and have a tufa character. The material in 
many places consists of true volcanic scoriie and cinders; the former twisted and ropy, and the 
lauer looking like cemented pitclistone, and the whole is so loosely aggregated as to crumble in 
the hands. The alter lation of the solid and conglomerate layers may be seen at many places. 
The latter are very irregular} graduating frequently into the nner kinds, and forming irregular 
Mm.'* 

In de£fcribing the geological features of Kawai, anotlier of this group, he remarks: ''The eop- 
glomerates are very various in structure. Some are a coarse tufa; otiiers consist of large rounded 
masses — maity thirty cubic feet in size, lying together^ with earth and pebbles filling: up the in* . 
terstices. They contain all the rocks of the mountains, the most cellular, as weU as the siost 
compact. NoAT the descent into the Harapepe valley, not far from the bottom, there w«r« 
masses of scorise in the conglomerate, looking as if there ha4 been ejections of scorire in the 
▼icinity while the island structure was in progress, and before the superincumbent two hundred 
Aet of layers had been formed.'* 

Similar conglomerates occur at the Society islands, and the Samoan islands. *'At the Fe|ee 
islands the coarse conglomerates pass gradually into a basaltic sandstone,* consisting of fine 

S-aios of a very uniform texture. A still -finer variety of compact structure resembles an argil- 
ceouB rock, and might be mistaken for it from hand specimens. '* • * * 

'*At the Mali ciifis the conglomerate differs in hardness; but in most instances bears evidenes 
of the^action of he^it in the firmness with which the fragments are cemented together They ate 
sometimes found in close contact* with the solid basalt, at first seeming to be imbedded in it. At 
•nany localities the rock wilt as readily break across the fragments of basalt as along the maHerial 
which unites them. These rocks are generally stratified; though the stratified structure is often 
more distinctly seen in the distant view than on the spot. In some instances it is minutely dis- 
>tinct. The strata at-e generally horizontal, but along the shores it is not unusual to find a larfe 
inclination towards the sea. 8ome of the higher elevations of Vanua Lebu, (Fejee islnnds,) 
consist of these conglomerates. Tite little village of Mathuata is oYcr-looked by a frownti^ 
t»iuff2,000 feet in height.'* ^ . 
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CHAPTER IV. 

MINES AND MINING. , ^ 

The extent and depth of the principal mines. — The effects of a knowledge 
of metals on civilization. — England , her minerals. — The invention of 
gunpowder. — The steam engine. — The method of proving veins. — 
Stopeing.. — Timbering. — 'Machinery for raising the ores. — Detailed 
description of the Lake Superior mines. — l^htir present produoe and 
prnspect of future increase. — Statistics with regard to the mineral 
wealth of different countries. — The consumption of copper hy different 
nations. 

The exploitation of mines affords some of the most splendid examples of 
human contrivance and ingenuity. In extent these underground work- 
ings surpass the proudest monuments of architecture, and, with their vari- 
ous shafts, adits, and galleries, constitute a labyrinth as inextricable as 
that of Crete. The largest architectural structures are erected to gratify 
the public taste, or commemorate some signal achievement in arts or in 
arius; but these subterranean structures exhibit proofs of elaborate and 
persevering effort scientifically directed to what is practical and useful. . 

To show the extent to which they have been carried, a i%^ prominent 
examples will be 'cited. The engine-shaft of the United and Con- 
solidated mines in Cornwall reaches to the depth of 1,650 feet; 
and the lengJh of the various shafts, adits, and galleries exceeds 
63 miles. The great adit for the discharge of the waters of the Gweu- 
•nap haines, Cornwall, exceeds thirty miles.* The depth of the far 
mous silver mine of Valenciana, Mexido, is 1,860 feet. The workings 
of the Samson mine at Andreasberg, in the Harz, have been prosecuted^ 
to the .depth of 2,197 feet. The, depth of the mines in the Saxon Erze- 
birge, near Freiburg , are, in Thurmhofer mines 1,944 feet; in Honenbir- 
ker mines 1,827 feet. The depth of the celebrated mine of Joachimsthal, 
in Bohemia, is 2,120 feet. The Eselschacht, at Euttenberg,. in Bohemia, 
a mine which is now abandoned, reaches the enormous depth of 3,778 
feet. At Rorerbiihel there were, in the sixteenth century, excavations tO' 
the depth of 3,107 feet, and the plani§ of the works are yet preserved.f 
These excavations appear the more wonderful whei: it isconsidered that 
they were made before the introduction of gunpowder. The old Kutten- 
berger mine is an example of the greatest depth to which human labor 
has been able to penetrate; and if, to use the language of Humboldt, wc 
compare its depth (a depth greater than the height of the Brocken, and 
only 200 feet less than that of Vesuvius) with the lofdest structures that 
the hands of man have erected, (with the Pyramid of Cheops, and wfth 
the Cathedral of Strasburg,) we find thajt tt^ey stand in the ratio of eight 
to one. 

The products of mines have contributed in a marked degree to the ad* 

*Dft la Beche and Burr. 
;'• ' . Jiumboldt, Cosmos, TolQaie 1. 



42 1 Doc, No. 69. 

vahcement of the human race. Withont a knowledge of their applica- 
tion to the useful arts, the human family would have remained in the 
rudest and most simple state of society, dependent on the chase or the- 
spontaneous fruits of the earth for the means of subsistence; or certaiu 
tribes, under favorable circumstances, might have become nomadic herds- 
men. This knowledge rests at the foundation of the three great objects 
of human pursuit — agriculture, commerce, and manufactures. 

To show how intimately the metals are connected with the comforts 
*artd conveniences of life, we need only to refer to our daily observation- 
They afford to inan the means of rapid communication between distant 
points; they are essential in the construction of the roof that shelters hina,. 
in the preparation of the food ^ that nourishes him, and of the raiment - 
wherewith he is clothed. 

It will be found, too, that the greiitness of a nation is as dependent upon 
the geological structure of the country as upon any peculiarity of its laws- 
and institutions. England owes her pre-eminence among European na- 
tions as much to her mineral wealth as to the principles of her free consti- 
tution. It is probable that'she would have been as powerful as we now 
behold her, had she never been successively invaded by Roman^ Dane^. 
and Norman. Long before the Christian era, her shores were visited by 
the Tyrian' fleet, in search of tin to convey to the then emporium of the 
world. Her mineral wealth has been the main-spring of her prosperity;, 
and were this exhausted, she would sink to a second-rate power. It is 
this which has? built her workshops and factories, and filled them with 
colossal machinery; it is this which has equipped her fleets, and made her 
the carrier of the world on the great highway of nations. Her exhaust- 
less supply of fossil fuel has made Swansea the smelting-house for the 
copper of both hemispheres. It is this which moves her 20,000 steam- 
euiiines, supplanting the labor of at least five millions of nien, and per; 
forming it with a precision and certainty which human hands could not 
attain . 
• There are two inventions which have given ,the moderns infinitely 
greater facilities in the exploration of mines than were enjoyed by the- 
ancients. These are the inventions of gunpowder and. the steam-engine. 

The invention of the former has been ascribed to the Arabian alchy- 
- mists, but M. Reinaud has shown that their claim is without foundation. 
It Was first used for blasting rocks in the Rammelsberg niines, in the 
Jiarz mountains, in the twelfth century. It was first introduced into- 
England, according to Mr. Watson, early in the seve'nteenth century, byit 
Prince Rupert, who brought over a gang of German miners and employed- 
them in the copper mines of Staffordshire . It was not known in Somerset- 
shite xmiW 1620, after Which it became introduced into Cornwall. It has 
beefi supposed that it was first used in the districts of Lelant, Zennor, and 
St. Ives, by two men, named BeU'ahd Case, who came from the East, 
They kept their operations a profound secret, suffering no ohq to see thefti 
■chargfe' the holes; but a man of Zierinor concealed himself behind a bolt,, 
'and' discovered 'ahd revealedftie mysteiy. 

, The sleamengine has proved as efficient an auxiliary in the working of ' 
ttiifi^S Afe ghnpoWder, a'nd without itis aid, many of th6 liiiries of Europe^, 
now profitable, would be rendered worthless.. , , 

The advantages of this -^^gMt hi^y^ been^gn^hically described pj Mr,. 



fide Mb.-dOi M 

Web^l^r;^ ^^ It i^ en the mttis^ and. the boatman xnay repose cm his oars; 
it is in highways, and begins to exert itself along the courses ef land con- 
^y^^nces; it is at the bottom of mines^ a thousand feet below the earth's 
surface; it is in the mill, and in the workshops of the trades; it rows, it 
piimps, it excavates, it carries, it draws, it lifts, it hammers, it spins, it 
weaves, it prints." 

The first steam-engine employed in mining in Great Britain was erected 
io. Cornwall, between the years 1710 and 1T14; now, the steam-power 
thus employed for thesd purposes, adcording to Mr. Watson, may be esti- 
itottjd as amounting to the labor of 150,000 horses, or that of 750,000 men. 

In the Lake Superior copper region the position of the mines is generally 
exceedingly favorable for exploration; they are mostly situated in the 
lofty tasppean cliifs,. which afford great facilities for raising the ure and 
for draining the water. 

The usual method resorted to for the purpose of mining a vein, the 
position, underlie, and bearing of which have been determined, is to sink 
shafts on the lode where it is nedrly vertical, or away from it wherfe it is 
inclined, BO as to intersect it at a given depth. In the latter case, it is 
neeessary to excavate much unprofitable ground in order that the working 
shaft may be perpendicular* Simultaneously with these operations, it is 
advisable to commence the construction of an adit-level--a work requiring 
fbe exercise of the highest judgment and skill on the part of the mining 
engineer, not only to select the most advantageous site,: but to intersect 
the shaft at a given point. The adit-level oftfen serves the double pujrpos6 
of draining the mine and of exploring the countiy through which it passes. 
Where a lode is profitable, the adventurers often expend large sums to get 
rid of a few inches of water. Professor Ansted states that he has often 
known J20,000 or J30,000 expended in this way for the purpose of 
saving a single foot of water. We have before adverted to the immense 
siBns expended at the Consolidated mines on these objects. 

The contents of the lode are attacked by means of horizontal galleries- 
extending between tha shafts. These are ordinarily driven at the depth 
of 50 or 60 feet. Winces or vertical shafts are often started from the ex* 
tremities of the galleries, for the putj^oses of ventilation and laying bare 
the lode. In this way the metallic contents of a vein are cut into k series 
of oblong blocks I the removal of which is called stopeing. This is ac- 
complished in two ways — either from ^bpve or below. In either case the • 
excavations are dispensed in ateps, like a stsor. - One miner cuts out a rec» 
tangular mass from 4 to 6 yards in length and 2 yards high. While he - 
is carrying forward this work; another miner commences, two yards be- 
neath the first, and in th^ same manner excavates the rock benealh his 
feet. In this manner asi many miners operate simvilta^ieouslyas there are 
steps between the two horizontal galleries. As they advance, wooden 
floors are constructed for the purpose of sustaining the attie or rubbish* 
Such portions of the lode only are taken down as are supposed to be 
sufficiently rich to pay for the extraction of the metal. This method of 
working will he readily understood from an inspection of the sections of - 
themines attached to the descriptions in this chapter. ' 

The ascent and descent of the miners is effected by mesms of ladders 

placed/igainst the shafts interrup^d at every ten fathoms by floors*. In.* 

■■ ■■ I • ' ■-....... .1 .. » . . « ».i ■■ 

* Address before the Boston Lyceum. 
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vBBtioixs fiir ascending: aai deaceoiding by nachiaetj bave beeh put in 
pacticein tbedeepmioesof the Harz, andotliet'distncts wheiethe minis 
nave been worked to a great depth, by which a great saving of time ia 
effected. 

The timbering of the shafts and adits forms in many mines a reqr 
considerable item of expense. In Cornwall, the timber mostly employed 
ia Norwegian pine; in Germany, on the contrary, o^ is t^iefly used.' 
Such kinds of wood as can be had at the least cost are generally used, 
though the importance of sound timbering in exten^ve mines is very great, 
and the condition of this portion of the work forms a considerable item in 
estimating the value of a mine which has been long worked. The quan- 
tity of timber in the Cornish mines is so great that it has been estimated 
that it would require one hundred and forty square miles of Norwegian 
forest to supply it. 

The quantity of timbering required in the Lake Superior mines l<; com- 
paratively small, since the walls of the shafts are of firm and iinyi^ldingr 
rock; but near the sur&ce, where the rock is broken and diuntegrated, 
Strang supports are requisite. - 

The annexed sketch (lig. 13) will explain th6 method of timbering a 
horizontal excavation through which a trsih-road is laid for conveying the 
ores to the sur&ce: 

Fie. 18. In the Lake Superior land 

district, the resinous trees af- 
ford the beet material for lim- 
bering; and the tamarack, in 
strength and durability, will 
probably be found superior to 
all others. The spars shoald 
be deprived of their bark, as, 
'by retaining the moisture, it 
"acceleratas decomposition. 

The pumping of the water 
from the mines, and the raising 
of the ore, in this district, have 
.^been thus fer effected principal- 
ly by horse- whims. At the Cliff 
mine it was the intention of the proprietors to put up steam machinery 
fiM this purpose during the past winter, which we presume is now ia 
suCceasfiU operation. 

This agency will ultimately be employed at all the mines, even where 
water-power can be made available; for, in a region where the climate is 
so ri^roUB as on the borders of Lake Supei^or, and where for months in 
succession the thermometer does not range above the freezing point, there 
is |0o much uncertainty connected with the use of the latter. In the 
stamping-mills, during the intensely cold weather, it becomes necessary 
to resOTt to fires to prevent the steam from congealing on the engine, in 
long icicles, and the ice fr^im forming on the stamp-heads. In an ex- 
tensively opened miile, giving emi^oyment to many hundred people, ui^- 
crataind«3 of this kind must be avoided. The work must progress from 
day to day, the stopers following fiist on the drivers. '« 
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A vertical axt^ supports a dram on which a rope is wound and unwound 
the rope passing over -fixed pulleys, called poppet-beads, and- bein$ 
attached to ihe two kibbles oi bucknts, one of which descends as the 
other asceiidi. In raising the heavy masses of copper at the Ciiff mine, a 
powerful capstan is used, in ;:oiini:j|ic^n with suitable tackle, by which a- 
weight of several tons can be fai:i(;d. 

Having thus briefly noticed Hu: ^ncjal nature of the exploration^ we 
will DOW jHTtceed to describe llu- prjncijial mines in this district; and to 
illustrate the method of working , and ihe progress of the under-gronnd 
'opuEBtions, we have prepared s-n'i^ral sections, taken principally from 
survey* and tneasuremeuts of Mi Hill. 

LUiFP MINE. 

The Cliff mine is situated on teveenaw Point, about three miles frum the 
take shore, in the southwest quaner section 36, township 58 north, range 
32 west. A rang«> of elevated hillr sweeps round in a crescent form, trriiding 
iil.s souihwesterly direction, and forming the western boundary 'f tlie 
T^Jey ut K^gje tiver. In places these hills attain an ele irittinn ■•{ SOft 
feet, anil tiiwards the valley present bold mural escapments, whil.* -tji the 
side ^tfost-d to the lake the slope ia gradual. This range iii ^^lJl|.■';<•^d of 
tnif{>edD tMks. The summit is capped by a hard crystalline grfl'>rif i.>n(>^ 
ras.atihe CliCf mine, passing Into a ieldspathic porphyry, a^ i>i tJK' Allion^ 
Bel»\v, aoil Ibnning the base of the lidge, is a belt of gianjlai .t)'i|>, 'n> 
catjonaliy amygdaloidal. Between the two there ts a thin L>ult < i -iUiy 
chlntue ali»iit twelve feet m thickoess. These belts dip to tiM nonh iti ita 
aoglii 01 -db^. conforming in this respect to the ioclinatiou ol' tlif .li^uiUtt 
tt>^ which. Il^nlc th^ range on the porlh. Wheiiver vsiio' are opeci i«4 . 
in the ^le^nuone^ they are Ibund to be pinched und barr«Mi but vJioi-fr 
thtK eQ«>j the compact or granular (rap they expand in width (iQ<i,be> 
come •'■hartffd with metal. This trap has a good degree ol (irmnes'.." iind 
eonsisiH ol Ubrador feldspar, and chlorite. It has been temaiked thqt ihe 
best rcKk m. M>is region for productive veins is neither a cry^talliiie grecp- 
stqntt^^or a soil porous amygdaloid, but a g^nolar trap, widi eccasioi>at 
aniygduW scutlered through it, and possesisiiig a good degree of consist- ,., 
ency. Whertj veins enter the greenstone, as beloie remarked, th^y be- 
come pinched; where they penetrate the soft amygdaloid, they becoai* 
guttered and lose themselves. 
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The Itfde of the OiiS mine is seen to oecupy a :bireat or d^pi^^ion iii 
the hUl, and thence can be traced to. its base. It was discovered in the 
summer of 1845, and during the succeeding fall a drift was carried inta 
the greenstone about one hundred ieetj (see plan, A,)^Bd- between that 
point and the summit several others were opened. VSlien first discovered, 
the vein could only be seen in the upper belt of greenstone, the meWlifer* 
ous zone being concealed by detritus. No one could have inferred from 
its appearance at that time that the enormous masses of coH)er existed but 
a short distance below which subsequent explorations revealed. It was 
examined by Dr. Jackson and Mr. Whitney conjointly, about the time of 
its discovery, \^hp repc)Tted that the sur&ce indications were not highly 
favorable at the points where the vein was exposed, but that, as it became 
wider aiad richer in its downward course, the company should by all 
means make a thorough ijxamination by uncovering and examining the 
vein at the base of the cliff. At the summit it appeared hardly more than 
aii inch or two in width: the gangue was mostly prehnite, with copper 
associated with silver, incrusted with beautiful capillary crystals of red 
oxidd. Further down the vein was again exposed j here it had expanded • 
to the width of nearly two feet, the veinstone consisting of a series of 
reticulations of laumonite. 

Up to this period the sandstone and' conglomerate wefe supposed by- 
many to afford the best mining-ground, and that to this source they 
•were to look for permanent supplies of the sulphurets of copper. 

During the winter of 1845-'46, some German miners, m clearing away 
the talus near the base of the cliff, discovered a small loose specimen of 
mass copper. This stimulated them in their researches, which resulted 
in the discovery of the vein in the belt of granular trap (6) about twelve 
feet jto the east, showing that it had b^en subjected to that amount of 
hefave or dislocation. B^rom that point a level was carried into the hill 
seventy feet before anything valuable was developed, when the great mas^s, 
so called, was struck — a fortunate circumstance, hot only to the company, 
but to the whole mining interest on Lake Superior. It gave encourage- • 
ment to those engaged in these pursuits, and induced them to^persevere. 
It also demonstrated the true source from which the loose masses occa- 
sionally found on the lake shore had been derived. It demolished the 
fanciflil theory advanced by at least one geologist as to the* transport of 
the Ontonagon mass from Isfe Royale, and showed that it we^s not neees- / 
sary to resort to icebergs and changes in the relative level of land and" » 
water to account satisfactorily for its position. From that time to tfce 
present day, hardly a month has elapsed without developing new masses; 
and their occurrence, so far from creating wonder, is regarded as amatter of 
coarse. The largest single mass hitherto exposed weighed about fifty 
to6s. The position of the mass copper in the vein is indicated by the 
spaces between the dotted lines marked M, while the intervening spaces, 
marked S, afford istamp-work. 

It wiil be seen, by reference to the plan, that the levels 1 , 2, and 3 have 
been extended northwardly into the greenstone before described, but in 
no instance has the vein been found aAer having pierced that rock. This ' 
arises probably from the lateral dislocation before referred to, the true posi- 
tion of the vein being twelve feet to the west. As a matter of curiosity * 
even, it would be desirable to crosscut to determine the extent of this feult, 
and the character of the vein where it enters the greenstone. It will. 
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mdiout doiibt>be found less metalliferous at that point than in the granO' 
lar trap which contains the piresent workingi^. 

The deepest shaft in this mine has been sunk 2T0 feet h^ow the sur- 
face* The other two are Utde less in depth. The adit, which drains the 
nvBfte to the depth of 100 feet below the first gallery^ has been ext^ded 
760 feet. The amount of stopeing and timbering, and the disposition of 
the aUk) or rubbish> will be seen by inspecting the plan. 

The ferce employed in this mine at the present time consists of 160 
men. The mine is under the management of Capt. Jennings, whcf has 
disjdayed much energy and judgment m developmg it. If any criticism 
may he allowed, it would be to the eflfect that thete hacr been no inci^ase 
in the force for the last eighteen months. The openings in the mine 
should be in advance of the stope- work. By pushing these forwai^ the 
country is explored, ample space is given to the miners to werk, and op- 
portunities from time to time afforded to increase the force. . ' 
' iHie machinery employed for raising the ore and freeing the mine &om 
water is admirably contrived; but the mine is now so thoroughly opened 
that the company will soon substitute a steam-engine in 3ie place of 
horse-power. The stamps erected hefe were the first which operated 
successfully, and have served as a model for the mines in other parts of 
the district. 

The connexion between the different parts of the mine is exhibited in 
Plate YIII, which is to be regarded as a plan, rather than & landscape. 
The cliff in the back- ground consists of the crystalline gr^enstohe berore 
described. The vein traverses it in a nearly perpendicular direction, 
pierced by several galleries which extend no great distance, as will be 
seen by reference to the section, Plate VII — the vein here proving to be 
contracted and meagre in metal. The mining ground, represented in 
Plate VII occurs below the cliff of greenstone in a belt of amygdaloidal 
trap, and the relations of the two rocks are exhibited in the plan last re- 
ferred to. The poppet-heads and whims for raising the ore and water are 
seen at the entrance of the shaftjs^ The building near the centre is use*^ 
ibr calcining the rock preparatory to stamping it, -assorting the ore, an«l 
cutting the mass copper. The building on the extreme right contains 
the stamps and washing apparatus, which will be described in detail in 
another chapter. The productiveness of this vein may be inferred from 
the amount of stopeing which has been done, which is represented by 
the dark portions in the section, Plate VII. The ^sposition of the attle 
is also there represented. 

From the reports of the trustees rendered in 1849 and 1850 we-gather' 
the following information : 

The amount of capital st6ck paid in by the stockholders = $110,000. 
The personal effects of the company on the 1st of December, 1848, were 
$140,982, leaving a surplus of $111,105 — a sum a little more than equiv- 
sJent to the entire capital stock. This statement does not include the 
mine, with its fixtures and improvements, such as the stamping-mill, 
fiimace, &c. 
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The net products of the jq^ioe, ai^d tb^ e^rpensea, of mjimpg. proper, 
.^ftiOiru the e(mnMAC09l€at> are giiven below: 



^1846' 

*1847 



{ 




- $8,870 '95 

- T0,9TT 39 

- 166, 407 €2 

- 244, 237 54 



Ezpefltes. 

832^^263 44 
M, 7^7 85 
67,«67 88 

106,968 77 



. This eK3(brace$ su^h expenses only as were incurred at the mine; 
.ithose of ioisurance; commissions, freights, &.c., are excluded. The 
.i3«9t of transportation to Boston is $15 per ton; to Pittsburg, %1 50. The 
•moid^taL es^peoses amount to about 20 per cent., in addition to those of 
.(mining. 

The company, have erected. the necessary works at Pittsburg ibr smelt- 

f ing and refining the copper, and they estimate that the shipments for the 

J year eroding: December, 1849, will amount to 660 tons of refined copper. 

The product of silver for the yeajr 1849 was $2,365 30, 

The following table exhibits the monthly products of the mine for the 

i.two yiears ending December 1,; and the character of the ore. It will be 

seen that, while the amount of the barrel and stamp- work has increased. 

!'th^ amount of mass copper has slightly diminished. 
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Nerth Ameriean mine. — This mine is sitnateij in the NW. quarter of 
■ection 2, township 67 N., range SSW. "Its geological position is similar 
to that of the Chff mine before described, both being in the same range of 
ciii&, and occupying adjoining quartersections. The veins, hawever, are 
distinct. From the surfiice to the point B, in the smatles shaft, the lode 
dips 23° below the horizon, where it is intersected by a small vein or 
feeder, beyond which, in its downward course, it dips bat one foot in six. 
ThefoUowingsketchrepresentsacross-sectionabovethepointB. Here,the 
Fig. 20. ^°^^ w^ found to be of little value, contracting to 

a foot or eighteen inches in width, and afToiding 
slamp-work of an inferior quality. Below, it in- 
creases in width, and becomes highly metallifer- 
■ ous. At the point C, another feeder comes in, 
which, like the tbrmer, enriches and expands the 
lode still further. The walls are very variable. 
In some places, they contract to a mere fissure;, 
again they expand to seven ^t. This expan- 
sion is observed where the vein C comes into 
the main lode. Through the entire length of the lower level, it has been 
£mnd good, containing in some places mass copper. From an examina- 
tion at the depth of ninety-five feet, it is inferred that the veinstone is 
3 or 3J per cent, richer than that taken from the second level. The stamp- 
work, at present, yields about 7 per cent. This estimate, we are awate, 
is 3 per cent, lower than ihe agent rates it. From every bunch of ore 
containing 30 tons there are taken 4 tons of what is called banel-work^ 
yielding 40 per cent, of copper, and the addition of the masses at 60 per 
«ent. will make the average yield of the contents entire not far nam 
9J per cent. 

The gross amount of copper taken from the mine during the past year 
is not far from 1 ,400 tons, which will yield 129J tons of pure copper. 

The mine has not been opened sufficiently, excej)! within the last sevea 
months, to admit workmen to advantage. Thirty-five tons of comer 
have been sent to market during the past season, and the product for me 
next season may be safely rated at 800 tons. When &irly opened, it 
will annually yield iiom 4(>0 to 600 tons of pure copper. 

The stamps cAinectod with this mine are the best hitherto erected ia 
ihis region. They are driven by a steam-engine, and with eight stamp^ts- 
are capable of turning out 80 or 90 tons per week. 

Appeuded to the sebtioii is a view of the vein as it appeared at the 
point A, in the lower level, ISO feet below the surface. A sheet of nadva 
copper, one foot in.diameter, was seen to occupy the foot- wait, and to ex- 
tend fiom the bottom to the top of the gfdlery. The otiier portion of die 
min, one foot in thickness, was composed of calc-spar, quartz, chlorile» 
and epidote, filled with small spangles of copper. Its course is N. S8f* 
W. — cutting across the formation. 

This mine at the present time gires employment to 61 miners and S4 
sur&ce-men. The monthly pay of the former amounts in each case Id 
^^24; of the latter, S20. ' 

These workings have been prosecuted tmder many disadvantages and 
discouragements J but through the.energjr qf Mri John Bacon,, the agent, 
Ihey have been overcome, and the Company are in the posseKion of one 
of the most valuable mines in dife region. 
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Minftesoim miAe^ — This mine is situated about twe miles east of 'fiifft* 
Ontonagon river, and fifteen inites from its mouth,- (N W. quartet seclidti 
IS, township 60 N.^ san'ge 39 W.) The trap ranges here rua in a NE. 
and SW. direction, and attain an elevation of about 700 feet above the 
lake. Like tbe range x)f Keweenaw Point, they are flanked by sandstone 
and conglomerate, dif^ubg northerly, besides containing intercalated beds 
of these detrital rocks. The section of the adit appended to the plan of 
this mine^hows the relation of one of these sedimentary beds to the 
Igneous formation. 

This vein belongs to a system totally distinct from, that of Keweenaw 
Point. WhUe the latter system crosses the formation at nearly right aor 
^es, the former has*a course and inclination nearly conformable to those 
of the accompanying sedimentary rocks. . ^ , 

. The inclination of this vein is north 52^, which is parallel with tfee : 
sandstone seen at the base of the hill. ( Vide section or the adit before^. \ 
referred to.) The veinstone consists of epidote, chlorite, qiiai^tz, a^ calcr : i 
spar, distinct in character from the wall-rock. The walls of the veia > -S 
are, for the most part, well defined, exhibiting. the grooved and polished; 
appearance, termed by the Germans slickensides. Throughout the gangOQ^ 
copper exists in masses, bunches, and spangles. Silver occurs ius plaoes 
in connei^^ion with calc-spar and chlorite, one specimen of which weighed 
eight ounces. In the spring of 1849, we examined this mine before anr, 
stopeing had been done. The drift had been extended between the twq^ 
slMifts, 156 feet apart. At the point of intersection between shaft No* \ , 
and the drifts a mass of nearly pure copper five feet in thickness was qx-^ ' 
posed, occupying the hanging- wall. A few feet east, it was observed to, 
change its position and occupy the foot- wall. The sheet {topper appeared 
to be nearly contii>uous between the two shafts. The width of the vem • 
.at the point where the level intersects the shaft No. 1 was; found to h^. 
eight feet, but at shaft No: 2 contracted to three feet. This increased., 
■width is due to a feeder or branch which intersects the maiu lod&, 
and becomJes merged with it, where shaft No. 1 is sunk. To the westof 
\ii4fi point, a drift has since been extended eighteen foet in length and 
tbirty-eight feet below the sur&ce. Here, the vein , expands to eight 
^et, and is almost entirely filled in with sheets ^f native copper. * 
Shoots branch off firom the main mags, occupying the fissuyes,. so as ^: 
interpose a brazen barrier to further driving in that direction. . Thetet 
masses can only be reached by stopeing from the adit4evel upwaiA'. 
until they are intersected, and th(Bn driving along their sides. Py m^an^ i 
orf powerful sand-blasts placed between the sheets and the hanging- wail, 
tbey can be thrown down; after which, a great amount of labor -i^nmns-, 
to be.perfornied, .in cutting them into blocks, so that they may be reio^oved 
to the surface, where they must undergo still another subdivision iatP >. 
blocks of one or two tons weight, that they may be transported to tbf^r 
river. The sheets between shafts Nos. 1 and 2, where the vein was stpped,, 
yielded no masses of any great thickness. At shaft No. 2, 42 feet^ 
bd)ow the surface^ a mass of copper was struck, and the 9inking contin- . 
ue^ beside it to th^ depth of 55 feet, which was found Qxtendiiig intQ ttt»/ 
level westerly. Portions of this mass were taken down, while otbdr poi* > 
tion^ remain on the hanging- wall. These points a;r6 indicated by t)ie 
letters I4,M. Here, the veiii.i? five feet in, width, composed not i^i- 
'tirely of materials distinct from the wall-rock, but of intercalated portions 
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of trap. This was fl»e claractCT of the vein boilween shaft* Nos. 1 and 2^ 
ift Bhaft No. 3, 180 M wtoV, tH« vein is 28 inches in thictawaB, mclndiBgr 
the rocky portioB^ and presents the following section: ■ ■ 

Elg^M. 1; Quartz and chlOTite, with copper in strings and 

1 a a 1 bunches. 

2, 3. Beds of rock, similar to the wall-rock, wife. 

thin sheets of copper filling the seams, in sufficient' 

abundance to pay for working this portion of the veih. 

4. Q,narlz, chlorite, calc-(;par, and epiddte, contain-' 

ing a large per centag& of copper, in masses, butichcB^ 

, and disseminated. 

f- In certain portions of the lode, these beds of tock 

jfi'disaj^ar, the whole matrix being filled with materials^ 

■ distinct from the walls, 

■ According to the statement of Mr. Knapp, the sgentof this mine,.whose 

'caei^ and zeal in exploring this tract wd have noticed under mbthw 

'head, th«e were taken from this mine, last year, (lftl8,) eleven tons of 

'Ct^tper, seven and a half of which were included in the miss raised by 

the ancient miners, the position of which is indicated in theplaii'. (See 

i shaft No. 1.) 

Tliia was sent to market before the company had fiiirly commenced one- 
radons. During the past season, there have been taken from the mme 
.67 tons of copper, in masses, estimated at 75 per cent., and 700 ton's of' 
i slamp-wotk, estimated at 6 per cent., making in the aggregate ,84f tons 
of pute copper — the mass of the veinstone yielding neany ' 11^ per cent. 
' There aie now exposed, m the shafts and levels, about 30 tons ih masses, 
besides a cOBsiderable quantity of ^tamp-work. 

i A year has Bot elapsed since this mine was opened, and none of the 
shsfls have been extended to a greater depth than ©TiiSeti No mine ia' 
the country has produced bo great an amount of copper, with ' the same 
amount of labor and capital expended. ■ We Cannot find its ]i«ralkl ih the' ■ 
Trtiole history of copper-mi ti ing, wherever prosecuted. ■ 

Plan of the miwe.-^Ah adit-teve! is now being driven from the base of ■ 
■the hiU to intersect the vein, at nearlyright angles with its Course,' at shtlA:' 
Jte. 3. Its length, when completed, will be 375 feet. ' ThSnCe, it willb*' 
extended along the colirse of the vein so as to strike- the several shafts.. 
Shaft No. 1 will be intersected 77 feet below the surface; shaft No. 8, at 8T" 
fWtjahdshaftNo.' 3; at 86feet. The shaded portions rffptesctft Ae pre- 
set woikings, while the light portions show what remains to be accom- 
pHehed. The ancient workings are Indicated by a series of oblique lines. 
- The Minnesota vein can be traced along the surface for the distance of 
a mile Xfr more, and in this respect it admits of the employment of a 
greater nnmberof miners than any vein yet discovered ift the copper re- 
gifiBi The containing rock is a dark-gray, mottled' trap,, of a granular 
texture, with occcnional almond-shaped cavities throu^ it. It breaks into - 
ibomboidal blocks, and readily yields under the drill. Its Constituents are- 
hornblende; feldspar, and chlorite. 

-The section of the adit pronracted 300 yards north cuts no less than si;|c 
■rtrins', some of which conform- in dip to the vein new wrought, wh8e 
oAMs intersect the'ttocky- planes perpendicularly. 

-^nie company now smpiny 84 men, about one-half'Of whom are as-' 
s^ued'td the thine, while' the other half ant emu^yed. inetocting th» 



necessary: buildings. These.will ^onsistof a.whiin-house,.& house for, 
calciaing ai4 (issoicing the ore, a slanljuag and washing-mill, with' a 
saw-mlu attached. They have already erected five dwelling hoases,,, 
two smitheries, two. bams and other oiit-buildin^, and a commodious 
warehouee, on the right bank of the Ontonagon. They have constructed'' 
ao excellent road to the river, 2A miles distant, and cleared and culti- 
vated about 45 acres of land. They raised during the past year 500 . 
bushels of potatoes, 300' bushels of turnips, and other vegetables. This 
worl^ seems almost incredible, when it is considered that, a year ago, 
there was hardly a, tree felled on the location, hardly a cubic foot oi rock, 
excavated from the vein. 

Northibest mine.— This mine is situated oa Keweenaw Point, (section , 
IS, township 58 N., range 30 W,,) in the same belt of trap in which;. 
are contained the CJiff and North At«erican, mines. It occurs On the 
southern slope of the noTthern tr£^ range, and overlook^ tbe'valley or* 
the LiHle Montreal river. , 






The abovei^etch will convey an idea of the nature and extent of the 
■workings. The rock is a darit'gniy cqaipaet trap, octiasienaHy amygda- 
loidal. To thanpnifa.of shafts Ko. 4, occars; a hertof conglomerate about 
12 feet, in thickness, ,with- a northerly inclination of 40°, reposing .on a 
brecciafed b'ap. Witbiit a space of 300 yards are three distinct and '^tell- 
defined veins, whose beting and underlie are as follows: 
East. vein, bearing northl-e^" east, underlie S^eapJ. 
Middlfrwin,- " " - 1^° weet, " 8° we*: 

West vein, " "■ 17° west,, " 13° west., 
It is not improbabl: thM all may ultittmrifbafound^to oonveige SBd< 
fi»m a aingle lode of great pow«'. The main woikinga have bedn pmse-' 
cuJed.OD the eastern vein.. An adit-level kas been driven iSOOfeeC; wbau: 
extended 136 feet ^rtherj it will interseot:sha& No. 4i aCthg depth of TJt' 
foet.. Anotheig-tUery has been opetted, 60'feet balow, and laportioBo^i 
the loda removed, thestopeing being, represeilted by theisbadediliiUgJ 
TbO: v«iB, along the cotuseiofthe adit, is well deSnedj-and Taiiefi'ia' 
widtb from a few Inches lo two feet. In Ihei norUwm part, wbore; lhe< 
pDes«ittiW0tiiiiig8.'arft loosecuted, it expandsto.3^ iliMt, aod ishighljtii 
charged' with, ceippert ■ ■ )(■ • 

At liie: Dortbeia ^xtcrauty of the Eecond level, ihe wiiniiri31 incJ!iesBi'<: 
ttrLdAi At theibotKio^of shaft No. 3.,'()Qifeet from! tit* s[iitface,ithe>Mink: 
is obMcv«4 to have , a gnniter expanflne -AraniiBt aiiyiiiitemednrfs pwiA<'' 



Itis impregnatioD appears to have taken place at two different periods. The 
western seam is composed of chlorite and calc-spar, with but little quartz ; 
the copper occujing disseminated and in thin plates. The eastern seam is 
composed of quartz imi calc-spar, wjth but little chlorite — the copper 
occurring in masses, bunches, and strings. 

Where the fissure was observed to be subsident, the walls came almost 
in contact. Where, on the other hand, the fissure was nearly perpen- 
dicular, the vein had the widest expansion. 

Two shafts have been sunk on the west vein, each to the depth of 50 
feet. From one of these a level has been extended 80 feet, and a 
portion of the lode- removed, and masses weighing a ton and upwards 
nave been taken down. This vein promises to be of great value. 
The product of this mine, according to the best information, up to the . 
present lime, has been 60 tons of mass copper, yielding 50 per cent., 
and 500 tons of 8 per cent, stamp-work. The present force employed 
consists of 63 miners and 42 surfece-merf. 

Ot^er Falls' mine. — The old mine ia situated on the northern slope of 
the trap range, about two miles from the lake shore. Within that space 
there are four alternations of trap and conglomerate. The belt in which 
the lode is situated is only a hundred and fifty feet iu thidkness, and dips 
northerly at an angle of 33°. A belt of cong^nerate reposes upon it, 
forming the northern slope of the hill; while a belt of metamorphosed 
sandstone, fifty feet or more in thickness, occurs below. The annexed 
sketch illustrates the relativ« position of the igneous and aqueous rocks. 
Fie- 23. '■ ■ , , 



So long as the workings were confined to the belt of trap, the vein was 
pniUctiTe — yielding stunpi-woik and masses, the largest of which 
v«ghed 18 tons. On striking the sandstone, however, it was observed to 
change in its Mineral contents and richness. The shaft E, has been ex- 
tended through the sandstone into the belt of Ife^ below, and the fissure 
appewvd to be continuous through the different fbrmations; bntat the- 
depth of 6 feet in the sandstone, the vein had contracted to four inches. 
Shortly after the. intersection it was observed to bninch-Muie branch dip- 
ping rapidly to \^& .west, and the other to the east. The shaft was con- 
tinued perpendiculsily through the sandstone, tbsf losing sight of both 
branches. On reaching ihe lower belt of trap, a drift was extended to 
the i^t and: left, to' the distance of 18 feet, wi^ouC intereeoting either 
bwboh. In ttoB stage the wftrkings were suspended^ It is 'desinib)«' 
to faftTO these woAitigs continued .still ftuther, as tbey will solve om of 
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the most interesting problems in the mineral region — t, e., the changes * 
which veins undergo in their p^ussage through different mineral planes. 

The company are now developing a vein between sections 11 and 12, 
known as the Childs vein. Its geological position is the same in refer- 
ence to the sandstone as the one before described. It bears east of south, 
and dips westerly. A few feet to the west, another vein can be traced 
along the sur&ce, in which may be seen pits which were sunk by the 
ancient miners. An adit has been commenced, which will be extended 
256 feet, when it will intersect the shaft on the Childs vein at the depth 
of 64 feet, and in its progress develop the other vein. 

The belt of trap is much wider at this point than at the abandoned 
mine. In sinking the shaft, some masses of copper were found weighing 
from thirty to fifty pounds; but the disseminated copper was incon- 
siderable. 

Near the centre of section 12 is another vein, on which a shaft has been 
sunk to the depth of thirty-seven feet, without having developed much ' 
copper. The vein is about a foot in width, the gangue of which consists ^ 
of calcareous spar, with traces of chlorite. T^e shaft is iti the upp^r 
portion of the trap belt which underlies the sandstone at the old works, 
and takes into its composition a large proportion of chlorite. ^ 

Thirty rods to the south-southwest is another vein of much greater 
promise. The course is nearly north ajad south, and the matrix consists 
of prehnit^, highly charged with particles of copper. 

The total product of this mine up to the present time is as follows: 

Copper masses and barrel- work, averaging 70 per cent. - 90, 959 lbs. 
Stamp- work, averaging 10 per cent. - - -. 497,500 ^^ < 

Total . . - .. . . 688,459 '' '. -. 

The Nerthwesiem mino is situated in the same trap belt as the North- » 
west — the same stratum of conglomerate showing itself near the brow of , 
the hill. It is in section 24, township 58 north, range 68 west. The vein ,. 
crosses the formation, bearing northerly. Two trial shafts have been sunk . 
to the depth of twenty-four and thirty-six feet respectively, which yielded , 
copper, in masses and disseminate^^ in considerable abundance. The in- 
dications are that this is a vein of much power, and the company Ia 
possession ought to test it thoroughly. 

P/uBJWPy formerly Lake Superior, mine occurs in the bed of Eagle ; , 
river, about a mile above its. embouchure. This 4jjact was among the , 
first located in this region, and this company among the first to embark 
in mining adventures. In the early days of copper-mining, this lode was 
represented as possessing unparaDeled richness — the silver fer exceeding 
the copper in value; and these representations contributed powerfully 
towards tne creation and maintenance of the copper mania which prevailed ; 
for a time throughout the eastern cities. The most extravagant ex* 
peotations were formed, and the most exaggerated statements* made, as ta 
the mineral wealth of the country. Many were doomed to a speedy and . 
bitter disappointment; but the ultimate effects^^have been to divert capital 
into a new and untried channel, and develop the mineral wesdth of a 

* Th« first report of the trastees conu^ias a statement of tke result of an assay as follows ; 
la a ton of rock — . 

Sflrer, 15d.56pauod8. Talued at - - - • - |3,053 SO 

Copper, S03.5t pounas, rtAned at - • - ' - - 83 57 . 

^^ 13,136 n 
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region. w:l^i<?.h> but ^or ^he^e repre^p^t^tiqn^, migj^^^^ayp. x^m^i^e^{QX a ; . 
long time unexplpted. 

This veip, as before remarked^ is situated , about a mile, from the lake 
shore; and between thiese two points there are no. ie$s, thai; sevei^teeh 
alteriiatipns of trap and copglomejrsite* Fiona^ the fact, that yeins es^ibit j ] 
gi^at disturbance and, great variableness Jn their i^etallic contents in!' 
their passage ^through different belts of rock, it is ieyideht that, the heist 
mining-ground lies south of these alternations. In that direction, how-, 
ever, it is circumscribed .by a belt of hard, crystalline grejenston^, in 
which the veins are seldom^ well developed., 

The Jode is seen in the .bed of the stream about a thqusa^d feet above 
thj5.main shaft, where it is distinctly marked. I'he matrix;. cpn^ists. of' - 
calc-sjpar, prehnite, 'and,jadiated quartz, containing n^-tive copper insttingf.-, 
and disseminated. It is from one to two feet in width, and bears north, 
17? eastj. with a slight dip to the. east. Thence, it is to beiraoed ,dow» 
the stream, occasionally concealed by loose rocks,. an<i gra^yel.,/ la.thia.. 
winter of 1844, a trial shaft was conimejaced at this point, on the-^fthanj^. . 
of the stream.. This, however, had: been prosecu^w onljr to the, depth of 
twenty feet, when it was, Hinder the direction of .the mining, engineer;^ , 
abaiiidoned, and another shaft commenced further dowu the. stream. Here : 
there was no appearance of a vein; no gangue distinct from the wall -rock j 
no powerful fissure to indicate the disloQation of the mass, j jio polished . 
surfaces oh the face of the clifc The true positipn of the vein was severs^ . 
feet to thp eai^ft, in the bed of the stream; but it was npt apparent, from tti^ 
accumulatipn. of water- worn materials. The shaft was sunk through a 
dark- brown amygdaloid j with little adhesion between the ' particles — fiie * 
amygdules being%lled in places with native copper, exhibiting occasional ' 
points of silver. This peculiarity could be traced for a di^tauce of eleven 
feet .from the stream, becoming less appaSrent as itireceded from. the bank* 
Oo the immediate bank, hPwever, me ro9k was less amygdaloidal., and 
took in a larger propqrtion of chlorite. The change in the location of tl>e 
shaft was injudicious iii two respects: 1. The old shaft was on iJie vein, 
and, had it been prosecuted, would have proved it, while the new shaft - 
was not on the vem, but to the west of it. ' 2, It was located so near th« ''' 
river bank, that the water percolating through the fissures proved a con- ; 
staiht source of annoyance, in the progress of 'the wortt: 

In his report to the company, the mining engineer represents the vein as 
eleven feet in width — ^a vein of greater power than any three thus far : 
discovered in this fegion-^eighteen hundred feet in length, as far as known, 
and containim? an airiount of ore, already exposenj, which could not be 
exhausted within the present generation.* Its richness wasiinparalleled. 
As the shaft was continued downward, the indications of copper became 
les?; apparent, until finally they disappeared altogethefr, and nothing !was' 
brougtit up but barren rock. 

At the depth of 60 feet, if we mistake not, the minerscame toapofcketin the • 
rodk filled with gravel and water- worn accumulations.. They then drifted 
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feet. icB toidUh is. saLitfactpriiy proved to b^ eleven feel fgr the distant^ ^, \vpq ^n^re^^etv^and ii is. . . 
probable that it will hold a' Workable width (hroughbut the eighteen hanflre^d 'fe^t. It isf ob vidua 
that thigreis an adequate quantity of rich ore in this vein to render ttie work vsry; profitable, fi^ ' 
that there is no danger of exhausting: the bre, even ahbuld it give out liLt the d6^ of ohe hundred 
feet, of which there \^ no probability. * * * If the ore rune out at ^ cpnaiderable dep(h, say . 
two hundred feet, it wilf be a matter of litUe Important to 2&< prhetu'emiTc(ti«n^ UiMt^kk wi^H' 



nnder the bed of the stream in pursuit.pf the Ti^iny.but vere unsuccessful. 
Inf^tefnuffitig Che witter- Veto matends, they foiind nunaefous^lJoulrfe^ of ', 
copper> vaf yftig In weight from half an ounce to 600 pounds-^so numer- 
ous, iiideed, that portions of the gravel were profitably washed fox the 
metallic contents. In this connexion w^ also found a mass of liative/ 
silver weighittg eight p6uhds---t"he latgest yet discovered in this region. 
l^e inain shaft was carrifed to the depth of 75 ifeet, when dlie workings ' 
were suspended; nor have thely since oeen reisumed. 

^at there is a vein of great richness on that location, and in the vi- 
cinity <of the present workings, is evidenced by the numerojas, water worn. 
masses of copper found in the bed of the stream. IHiey have not 6ome 
fio*ii far; As the matrix of the veiii is more yielding than the associated ', 
rocks, it frequently prescribes the direction ofa stream and forms its beS. 
Thai will pr6bably be found the 'cas6 here. The' po9ket before de-. 
scribed was excavated by the agency of the stream in the gangue of the ^ 
vein. 

The west vein on this location, known as Sheffield & Nott's^ is 
about 11 inche8 in width, and bears north 19^ west. The yeinstgne con- 
s&V^ of chlorite and calc-spai*, traversing greenstone, resting on a porous ' 
]u!Kiygdal6id. A ttial shaft has been sunk, which afforded ihdicatioiis of 
considerable value. 

Leu: la B^^ mine — Bohemian mine. — The working^. of these coni- 
pahies have teen prosecuted oh the same vein— those of the former In 
ttJe'blikse of the Bohemian mountain, those of the latter on its summit^ 

Thfe'lriotiriMn rises totheheight'of 864 feet above Lac la Bi^lle,an4 ^ 
firom Its summit is afforded a view of great extent knd beauty. Thfe roclf ' 
consists of chlorite and feldspar of a highly crystalline tekW 
pears to be of an agd posterior to the bedded trap fn which tft^ tnines be- 
tote deifecribed are situated, since theise beds are round dipping from it 
like the strata of detrital rocks^ It was protruded in vast irregulat mass^:^^ 
foimlng a ^otftinuotis line of elevation. The ' metallic contents 'of this 
rock are entirely distinct fibm thosie of the bedded trajp. While the latter 
is' characterized by veins of native copper, the fotQier abounds in the 
stdpkiarels of copper, such as the gray and black; sulphuiret. and copp^- 
pyiffes. 

Two sets of veins have been observed-^-one bearing north 261^ "W-est^ 
which appear to be the main ones, and another bearing porth 80^ east.^ 
The gangue consists of calc-sj)ar,'chlori and quartz. Two shafts haVe' . 
bieri sunk Mar the surnmit or -the hill-— one to the depth of 106 feet, the 
o&ej to the depth of T6 ffeet — without developing a rich vein. / " 

1l!e Lac la Belle Company extended a drift iiito the hill, 309. feet 
above the lake-level, to the distance of nearly 400 feet. They found the 
vein 18 inches in width; and rich in the sulphurets. Their .main effijrts, 
however, nave been concentrated on an adit ivhich starts :2S feetx bove 
th^ Jcjvel of the lake^ arid has been driven 9(to feet. As they have) cb- 
aWy left the main vein in the prosecution of the #orfc, its value cai rot 
be determined at this depth without a cross-cut. 

Nb-^Wiie on Lake Sup^ibr affords greater facilities for mining; and the 
efforts pf the conipany deserve to be crowned with success. " " » 

'^kiifwp mine is shuated near Portage lake, on section 26] township 65, 
ranjg^'SME. 'The surface of the Country rises somewhat abruptly from the 
water^ not in broken cliffs, but rounded hills. The elevation of this 
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mine is, by estimation; 400 feet. The rock is a dark-brown trap, eom- 
posed of hornblende, feldspar, and chlorite. The .vein bears north 43^ 
east, and dips rapidly to the north, corresponding with the course of the . 
formation— the 6nly instance of the kind observed oij Keweenaw Point. 
A string or branch was observed in a iiaTine near by, bearing north 46^ 
west, which yielded native copper in sheets of con«iderable size. This 
mine, at the tinae of our visit, had not been suflSciently developed ^to en- 
able us to form an opinion as to its value. * . , 

Forsyth mirie occurs in the southeast quarter of section 33, township 
67, range 32. The vein, which bears north 9J^ west, is distinctly seen 
cutting a hill, which rises a hundred feet above the surrounding plain. t, 
Two years ago,, a shaft was sunk to the depth of 70 feet, and two others' to 
an inconsiderable depth, since which time the work has been abandoned. 
As the water had filled these excavations, it was impossible for us to ex- 
amine the vein critically. Prom the veinstone brought to-day, copper iu 
sheets and disseminated was found in considerable abundance. Native 
silver was also found in this association to an extent thus &r unobserved 
in any other mine on Lake Superior. The external indications here are 
favorable; but we are not advised whether the company purpose resuming 
operations. 

AMon mint is situated in the same bluffs as the Cliff and l^orth Ameri- 
can, on section 11, township 57, range '32. The cliff, which attains an 
elevation of nearly 800 feet above the lake, is composed of a hard 
ciystalline greenstone, passing into, a porphyry, where the crystals of 
feldspar are imbedded in a matriic of hornblende. Qn the western slope^ 
a thin but welt-marked vein, filled with arsenical, pyritous copper, is ob- 
served occupying a depression in the soil for a distance of 80 rods. Mr. 
Stevens, the agent of the company, informs us that at either end it 
branches into numerous strings and becomes lost. 

On the soiuheast side of th^ bluff, a shaft has been sunk to the deptU 
of one hundred feet, striking the amygdaloid at the depth of 97 feeV . 
from the bottom of which a drift was extended into the hill along tfie. 
course of the Vjein. The workings have not been prosecuted suflBlciently 
to determine its value. This vem bears north 46^ west. Its naatrix 
consists of calc-spar and chlorite, with thin scales of native copper, and 
is about 18 inches in width. . . 

threst mine, — ^This mine is situated on the northeast-quarter of section . 
36, township 60, rwage 40, within the limits of what is known as the 
^' Cushman location,'' on the left. rbank of the Ontonagon river. The 
old workings, under the direction of Oushman, on the north half of sfcp- 
tion 36, do not appear to have developed veins of much value. They. 
have been described in a preceding part of this report. 

^^The Dutch vein," on the northeast quarter of section 31, has beea 
explore4 to the depth of about fifty feet. Its course is north 70^ east^ 
ranging with the formation; its inclination, 40^ below the horizon. The 
veinstone is composed of epidote and quartz, twdve feet in thickness, 
with thin plates of copper disseminated through the mass, affording indi- 
cations of considerable pronnd^e. 

In the chapter on, ancient mining we have described with some minute- 
ness the pits and excavations found on the southwest quarter of section 
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30^ and on section 3L The following sketch may be regarded as ai» 

Pig. 34. approximative representation of the- 

contour of the cliff, and of the position 
of the veins on the latter tract. The 
inclination oi the main lode is 78^. 
^— The ancient miners had excavated to 
the depth of 19 feet, and this has been continued by the adventurers to the 
depth of 23 feet. Trtie two veins to the south, from their inclination, prob- 
ably intdrs€|ct the nfiain one at points below the 23- foot excavation. 
Should the inclination be found to continue cutting the* strata or bands in 
tfie same plane, it will present the same phenomena as the main veins ia 
Cornwall. A section of the vein^ as it appears in the shaft, is appended/ 
The wall-rocks are composed of amygdaloid and granular trap, with a lar^c 
admixture of chlorite. The vein, which is about three feet in ,width,,js 
Fiff. 25. composed of the following inaterials, and arranged in 
this order: 

1. A seam of laumonite an inch in width. 

2. Calc-spar, quartz, chlorite, and epidote^with copper 
in bunches and disseminated. 

3.' Carbonate of copper, probably the result of atmos- 
pheric changes. 
4. Epidote, chlorite, and amygdaloidal trap. 
6. Masses of^ copper associated with spar^ quartz, and 
'Mlit" epidote. 

^^ To the east of this shaft another bias been commenced^ 
at the bottom of one of the ancient excavations . At this poiiU the vein exhib- 
its very much the same appearance, having the same inclination, and yield- 
ing copper in considerable abundance. Few veins in the mineral region have- 
' been opened which, on the surface, afforded indications of greater promise. 
Ohio Trap Rodkmine:~TiiG workings at^^this point have been dlescribed 
with some minuteness in a preceding part of this report, and it would be 
sut)erfluous to repeat the information there given. 

Adventtcre mine — southwestquatter of section 36, and southeast quarter 
of section 36, township 61^ range 38, in the Algonquin mountains. A 
diff rises to the height of more than 150 feet above the surrounding 
ooufttr^> and to the santh presents a bold mural escarpment, while to the 
tu)]^ It b1<^s gvaduaUy towards the lake. The rock is a hard, crystalline 
giMnstone, somewhat porphyriticy traversed by oceasional strings or 
869918^ filled in with calq^spi^ and e]Hdo(e, associated with native cop- 
p^. We saw Ito well-detelop0d< vein — ^nothing to indicate a permanent 
^p!^ ^f inotal. A shaft has bem sunk on one of these strmgs to the 
depth of 20 feet, near the boow of tfasi di£ 

' 1^ Ridge 1 fnine^ is sitxiated on the southwest qus^ter of .section 35^ 

'township 61^ range 38^ and is in the s^xneaxis. of )u)dieatal. Workings 

have been prosecuted only to a limited eiitent. Tfaegipund in the vicinity 

• ' ezhihits numerous pitsr-r-the wotfcof a Imamr geneiration. At one point 

a vein is exposed, included wit^do feldspas and hornblende rock, dipp^ng^ 

' to.^ north,, which affi>rds. copper i^ strings and disseminated^ This 

vein^f like moflt of > the vei^s> in/ the rdgfidn between Portage lake and the 

fOnionagon i&f&Cy has a beating and dip d^itespottdisg with the adjacent 

stratified, rocks. . i 

2%e Jbaic'Mfimrig Chvipcmy ocenpy the* northedst quaiter ct selction 
86> toWdiliip 61^ range- 38> and the nortAiw«st qvaMer of section '81, and 
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ihfi'soutliwesi.qtiarterpf, section 30, township 51, r^ngP 37. The point 

■ where muiing operations have, been.commenwd is on the northeast qnaiter 
■of sedioii 31. ■ A vein is seeiji, near the brow of a cliflf; bearing vest- 
southWest, ani dipping to the nprth at an angle of 46^^. It has not been 
eulfficlenlly opened to enable one to fonn an opinion of its value. 

The Douglass Sougkion mine is OD .the northeast quarter of s«ction 16, 
t<iwnship51, range 37. Two, years ago the vein wks opened to thadppth 
of 40 feet, when uirther operalione.were abandoned, but t^iewwk has Men 

■ resnmedj under the direction of Mr. C. C. DouglasSj.iOiiW! of the most 
efficient mining engineers in thejregion. 'rtie veig., whlc^Lcaveisesa oom- 

' pact chlorite trap, is about three feet in width, tunning nearly. Jiozth. and 
south, conforming to the general direction of the ridge, at thifl place,, arid 
dipping west 60°. They have driven a' level abgut 35 feet along itscouxse, 
"kno a considerable quantity of coffer has been obtained. The vein- 
'Skine removed wa^ rich in disseminated and string copper, and will yield 
fiom S to 12 per cent, of metal. Quartz, much of which is colored red 
with the sub-oxide of copper, forms-lhe principal portion of the matrix, 
which is traversed by numerous seams' of chlorite., The ve'n is well 
defined, and aifords indications of proving highly valuable. 

The Algonquin mine is on section 36, township 52, range 37, It has 
been temporarily abandoned for the last two years, and no work worthy of 
description has been done here. All of.the information in our possession 
■will be found under the head of "Geology of the. trap region," 

The Pittsburg and Isle Royale Company are deye'oping a vein on the 
northwest quarter of section. 12, township G5, range SS, near Toddi's 
Harbor, Isle Royale. The following diagiam will represent the presfent 
"condition of the work: 

Fig- 26. The vein traverses ahcufd, 
crystalline ^eenstone, hear- 
th ing N, 20° fcj.jWiJi an under- 
lie of ,12° to the east. . SMt 
Np. 1, has.heen sunk upon it 
|tot!iedepiJ)of63fe«it. Shaft 
tt^rJp.. 2, (eaches to the deptb,(rf 
i 6T ieet. Adit No, l,.ptarts 
from <iie ■water'iS.edge^.snd 
.intecseijts the. shaft at the aiatance; of 43 feet. thxi. second level CQDit^t. 
.jng ti)e,tffo,ffeafts is 113 feel in lej^th. . Wear the sniAceithe.vwnsppMra 
. J>inpMi-*tIflmiQg a, width of only a ftw; inches ■ but Rt the«itreiin^[0f 
.,«he_il36)ptadit,iwd50feethelowthesurfece, it expands to amdfbof 
ISinchea, and presents the foitowing^ section: '■ '; ■ ' 

1. Sheetofnative copper, varyingfiwanQlW'hMto one 
and a half inches in width,, and naatly, oQaiinuoila* ««««- 
Kong the foot-wall. ' ; • ' , v ' 

2. Teinstone of oate-^taj, quaitp, prdmile, and iau- 
monite, with jiiffised CK^pe?. 

At the entranc© of ihe drift the sheetcopper is (AaeFred 
iito occupy the 3iai%iDgjwall,. but it very BOOH cioases the 
\ vein and conlintWe in contact i»ith the foot- wall so for as 
^ ilis explored. . . 

This JB Uie best-devewped veitt we hareobsetvejiiQ t&elwraiock. At 
the entrance of Todd '« .Harboic s belt of wnygdaloul of'& nddi^biown 
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•^ioMi«'M yi^lhyf^aiiibi^^'Uha^r the grefen ^t an ih'gle or45^: ind if 

themfts'^k'j^tsicWd'io^ smcim depth) ftey, 'wiir intersect it/when 

the vein will jjrobabljr l^e found to ilVictefgb s6rw^ mo'dification. 

.. ''Tlte-eompiff7.haire Sent to market 4,483j)ounds of copper, which yielded 

•'78^^*r'c\3nt/(yf^tfnTe copper. The mass of the veiiistdiie, however,- will not 

-^ yifeM 10 per cent. 

''iPhe 'largest iiiass of rlativ6 copper taken from this tede weighed about 
700 pounds. 

• ThJe'iSfoihperfiy tiow employ inf and libout the mine^ 26 men, who are 

'•jftfcisfeg-'idn the w^irk Vig^rously^ and with V^ry fair prospects of success, 

'SfeStewHf^'wtme^ adjbihs Rock 'Harbor, Isle Koyale, a^d occurs on the 

-' toaUlwest qiiarter iDt stection 13, township ^66, range 34. * The v^in btears 

•'fteariy east emd west, 'with an inclination of 75^ to the north. For iforty 

'i*tet ki its downward course if cuts a belt of dark, granular trap, compost 

of hornblende, chlorite, and feldspar, after which it intersects a belt of 

• 'itolttmnar trap. . Whilie confined to the grariular tirap, tHe vein was' well 

developed, and .yielded considerable copper in masses knd stkmp-Work; but 

" 'ha*^ing etiterednhe cbltimnaftrap, it coiitractfed 'to a mete iSbsurfe,' the Vcap- 

'^Istdhe and trietallic coritents.disap^aring. THie subjoined sketch repre- 

•j,i 28. sents the workings. Two shafts 







^ ^.^^ have been sunk through the 

nP ^O^^'^r? chlorjte trap, intersecting the 
*/a 'iJ\ 'J^^-^^r/ columnar trap in bne instfeince 
h^ vL at the depth of 35 feet, arid. in 
r^ ^;;-'^^" the other at 40 feet. West frb'm 
^M^. shaft No; 2,^1,800 feet, another 
^ shaft has^ been commeric^d. 
^he veinstone cc^nsists of 'cal6-spar, chlorite, and epidote, witfi copjffer 
disseminated in stnall scales and pointy; also in masses, the largest of 
ili^hTbh observed by Uj^ x^biglied 350 pounds, 

This company* have.. other ttacts pii ' tlie nbrtb'ern side 6f Isle ftqyaile 
*'li^hitih • contain v^ins/b'iit, as they 'have be^h only partially exj^lor^d, we 
'iWhl ttot pause to deB(*ribe them. ../..., ' 

Ohio and Isle Royah Company, — The 0peVa{i6hs of the feoriipatiy ^re 
at present confined to testing a vein on the southeast quarter of section 
34, township 66, range 34, about two miles south of Rock Harbor, by the 
lake shore. Its course is northeast; its inclination, 68^ to the northwest. 
Thus, although its course is conformable to the axis of elevation, its incli- 
nation cuts across the beds of rock. The vein is thirteen inches in width, 
composed of calc spar, quartz, and epidote, with native copper in thin 
sheets adhering to the hanging-wall, and disseminated trirough the 
gangue. An adit has been started near the water-level to intersect a 
shaft 25 feet deep, a abort distance from the shore. The rock in which 
it is excavated is a dark-gray, granular trap. The walls are well defined, 
and the character of the rock is favorable. This belt, it was feared, would 
not prove sufficiently thick to aflbrd ample room for working the vein. 
The veinstone contains from 8 to 12 per cent, of copper, which is suffi- 
ciently rich to pay for mining. 
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. A snmll feeder comes into the vein on the left> about 1£ feet from tbe- 
entrance to the adit, at which point it presents the following section: , 
Pif,29. 1. Ijaumonte, 1 inch. 

2. Epidote and quartz, with brecciated wall-rodt con- 
taining copper in hunches and dissentinated, 13 inches. 

3. Fragments of wall-rock, with strings of copper in the 
. fissures, associated with the laumonite and epidote, 4 
I' feet 3 inches. 

4 A few rods to the south is seen another vein &bout 
% eight inches in width. The matrix consists uf dathoUte, 
1^ heavily charged with native copper. It is in a rock gimi- 
lar in character to that,above described, resting on which is a hard, crys- 
talline greenstone. The vein, iu its upward course, becomes contracted 
to a mere fissure, containing litde copper, where it enters the incumbent 



The following .shafts have been sunk by this company, under the di- 
' rection of Mr. Douglass: 

One on the southeast quarter of section 33, township 66, range 34. At 
the depth of 20 feet, they intersected the columnar trap, a continuation of 
the belt described as occurring at the Siskawit mine. The vein in the 
upper belt was three feet wide, but after entering the columnar trap it 
rapidly contracted, and at the depth of 35 feet exhibited a mere seam a 
- few lines in width. 

On section 2, township 65, range 34, a shaft was sunk 40 feet; at the 
dppth of 10 feet a belt of sandstone was struck, which continued as far as 
the shaft was prosecuted, forming die foot-wali of the vein. 
On section 35, in the same township and range, a shaft was sunk to the 
, depth of 90 feet. The formationdipsto the sondieast, while the vein in- 
clines to the northwest. 

On section 10, township 65, range 34, a shaft was sunk to the depth 
of 40 feeton aveiij of epidote and datholite two feet in width. 

These shafts, at the time of our visit, were filled with wa^er, and we 
were unable to gather exact information as to the character and produc- 
. tiveness of the several veins. 
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Tabular statement of the mines m 



■*•■ 



Name of mine. 



<;iiff mine, (Pitts- 
burg and Bos- 
ton Company.) 



North American.. 



Situation. 



Town'pSSnorth, 
range 32 W., 
sect. 36,«outh- 
weet quarter. 



Towri'p 57, range 
33, section 3, 
northeast quar- 
Jte^^i * 



> ^ . 



IGimeaota •••«••• 



Northwest 



Town'p 50, range; 
39, section 15, 
north west quar- 
ter. 



Tou B^p 58, range 
30, section 15. 



1 



is 
I 



Feet 
393 



415 



^7 



Nature of the rock. 



A belt of amygda- 
loidal trap, capped 
with hard crystalline 
greenstone, the vein 
traversing both di- 
agonally. It ex- 
pands, and becomes 
highly metalliferous 
in the amygdaloid, 
but barren & pinch- 
ed in the greenstone. 



Greological position 
Bimilar to the Cliff, 
both being in the 
eanre:' attysdaloidat 
belt, but^the Vem^r 
are distioct. 



Near (^iN^a rjpr.; 

* tj^ray amygcTalordal 
trap, consisting of 
hornblende, felosp'r, 
and chlorite. Rock 

, rather firm and com- 
pa6t,"the vefii "run- 
ning with the forma- 
tion. 



This mine is situated 
on the south Vn slope 
of the axis of Ke- 
weenaw point. The 
top of the ridge is 
greenstone, resting 
on a belt of conglom- 
erate 13 feet thick, 
succeeded by amyg- 

' daloid and compact 
trap, which contain 
the veins. 

1 



Phenomena of the lode. 



The lode is about 15 mches 
wide on the average, bear- 
ing north 27<) west, with an 
underlie of 10^ to the east 
Veinstone drusy quartz, 
calc-spar, laumontte, preh- 
nite, and chlorite, with na- 
tive copper disseminated in 
spangles, bolts, and sheets. 
Surfaces often incrusted 
with green carbonate and 
red. o^ide copper. Sheet 
copper often fitis the entire 
vem; one of which weighed 
50 tons. Silver associated ; 
most abundant near the 
junction of the two belts. 

Tne lode in the widest part 
is 7 feet ; the average width 
S| feet. The course is 
t%thi 5^ west -underlie i 

• ido td the east. ' The vein- 
stone consists of calc-spar, 
laumonite, prehnite, cnio- 
rite, apophyllite, and drusy 
quartz, with copper (na- 
tive) similar to the Cliff, 
with the exception that the 
masses are less abundant. 

The lode is from 8 inches to 
d feet wide ; average 3| feet 
between the walla. Course 
north 50^ east; underlie 
3SP to the north. Native 

«>PP«r in largfijnRaafiaani . 
in spangles and bolts in a 
veinstone of calc-spar, 
chlorite, and ^Uote. Sil- 
ver not rare. Fragmenta 
of the wall-roek ar« often 
found included. <• 
There are three veins within 
300 yards. East vein, north 
16|^ east; averaee width 
14 inches. Middle vein, 
north 19^ west; average 
width 18 inches. West 
vein, north newest; aver- 
age width 12 inches. Un- 
derlie of east vein, 8^ east; 
ihiddle vein, 8^ west ; west 
vein, ISO y^^x^ Veinstone 
qoartz,calo-sp8r, cfalorite,db 
laumonite, investing native 
copper in masses, spangles, 
and specks. Native suver 
in small quantities. 
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I. S60f«et 
II. 340 feet 
111. SOO feat 



I. 375 fe«t 
II. 361 feet 
in. 465 feet 



Effected bv '■ 

Ciinlpfi, with 
orse-power, 



I. 390 ftet 
II. 325 feet 
HI. S35 ftei 



Whim, by 1 
hone-power, 
working four 



I. ST feet 
II. STfeet 
UI. 37ftet 



I. »^l 

II. 60 feet 

III. -JafeeE 

UiddUreiD— 

1. 50 feet 

II. 49 feet 

WeatTCin— 

I. SO feet 

II..S9rtet 

lU. 43 feet 



Ealt*ein~ 
I. 480 feet 
11. 190 feet 

Middle »Biii— 
I. lOOlfaet 

WeatTeio — 
I. 340 feet 



Whim, work* 
ed by horse- 
power 6 bra. 
perdB]'. 
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STAT^EMENI^— 



Kame of mute. 



Copper FbIIb.... 



Situation* 



I 

s: 
o 
a 

> 



Town'p 58, nmg^ 
31> sectioa 11» 
Boutheast quar- 
ter. 



Northwestern. ••• 



PluEnix, (former- 
ly LcJce Supo- 
nor.) 



Town'p 58, range 
31,8ection^4. 






Feet. 
203 



593 



Town^p 58, range 
31, sections 19 
and 30. 



Lac la Belle 



237 



Town'p 58, range 
29, section 32, 
northeast quar- 
ter. 



Bohemian ^ . pTovn'p 58, range 

29, section 29, 
southeast quar* 
te^ 



309 



Nature of the rock. 



A belt of amygdaloid 
150 feet thick, in- 
cluded between a 
band of sandstone 
below and conglom- 
erate above. The 
vein cuts these bahds 
diagonally. The 
productive portion 
is limited to the 
amygdaloid. 



Geological position 
similar to the North- 
west. 



Comp. trap and amyg- 
daloid, surmounted 
by a thin belt of 
conglomerate, with 
a hard greenstone 
porphyry below. 
The amygdaloid 
traversed by nu- 
merous strings of 
prehnite, quartz and 
laumonite, contain- 
ing native copper 
and native silver. 

A hard crystalline 
rock, i(omposed of 
feldspar A chlorite, 
with an imperfect 
chlorite slate at the 
base, resembling a 
volcanic ash. 



623 



This mine is in the 
save mountain as 
Lac la, Belle mine. 
The rock is atioilar. 



Phenomena of the lode. 



Lode variable in width, but its 
average may be assumed at 
8 inches. Course north 23^ 
west; underlie 13^ west 
Native copper, with ^n- 
siderable silver, uear%e 
junction of trap and con- 
glomerate. One mass of 
copper from this vein 
weighed 12 tons. Vein- 
6ton2 similar to those be- 
fore described, with the 
addition of analcime and 
mesotypOb 

Average width of the lode 1 
inches ; expands in places 
to 4 feet. Course north 23^ 
west; underlie slightly to 
the west. Native copper 
in sheets, bunches, and ais- 
seminated through vein- 
stone of calc-spar, chlo- 
rite, dbc. 

Most of the workings here 
have been prosecuted off 
from the vein^ and the bulk 
of the mass raised was from 
the west wall-rock. It con- 
sisted of amygdatoidal trap, 

. the amygdules being filled 
with naiive copper. There 
are indications of a good 
vein here, bearing, prob- 
ably, north 17^ west; but 
the workings did not de- 
velope it. 

Two sets of veins. One bear- 
ing north 26jiO west, with 
an underlie to the east of 
12^ ; variable in widt|^ ; av- 
erage 18 inches ; not been 
sumciently explored to de- 
tenaine its value. Yein- 
stene caic-spsr, with chlo- 
rite and quarts, including 
gray and yellow sulphuret 
of copper,' with a trace of 
silver. £. and VT. ve^i fi 
inches wide. Course north 
80^ east, with an underlie 
of 36^ to the north. Not 
continuous. 

Veins a continuation of those 
last described. . 
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Continued. 
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o 
us 
a. 



I. 24 feet 
tlU 38 feet 



1. •• feet 

II. 60 feet 

III. ..feet 

IV. 75 feet 



I. 31 feet 

U. 4» feet 

III. aefeet 



I. 106 feet 
11. 75 feet 



o 

to 

c 

2 






1. 130 feet 

11. 42 feet 

m. 145 feet 



I. 436 feet 

II. 190 feet 

HI. lUOfeet 

IV. lS» feet 

▲4. 275 feet 



Adit 302 feet ; 
if driven 950, 
Will intersect 



vein. 



48 

Q 



Whim, work* 
ed by horse- 
power 4 hrs. 
per day. 



£ 

o 

< 



A.t a depth of 
140 feet. 



I, 396 feet 
II. 900 feet 



U. 20fMt 



Whim, work- 
ed by horse* 
power 6 hrs. 
in 24. 



By adits. No. 
II, S7 feet 
above liske 
Superior; I, 
309 ft. above. 



Whim, work- 
ed by horse- 



T 



•••••■«••••••• 



100 tons 



100 tons. 



.--^ - -. fc 



I 

P4 



No* of itim 



8 



Am 

03 



Temp 
saspe 



* 



•do«« 



.do. 



& 

«> 

o 



*lt »■ 



orarily 
nded. 



o 

• 



3,0W 



■ ' 



••do* • 



90 



3 



.do, 



<6 



3.409 



i^soa 



10,000 



• ■ ■ . 



T^mp orarily 
saspe nded. 



», 
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STATEMENT— 



Nameo#ninM* 



Uiiincy 



Fonyth. 



Albion 



Forest 



Ohio Trap Rock . 



r^venture. 



I*<««kB8 HOQgh- 



.1 



Fittsborg and Isle 
Royale. 



Stakawit 



Ohio ' and ^ile 
Ro]f|ale. 



Situation. 



Town'pSS, range 
34, section 26. 



)» 



Town*p 57, range 
32, section 33, 
southeast quar- 
ter. 



Town^p 57, range 
32, section 11. 



Town^ 50, ran|>;e 
39, section 30, 
south westquar^ 
ter. 

Town^p 49, range 
40, . section 5, 
southwest quar- 
ter. 

Town'p 58, range 
38, section &, 
southwest quar- 
ter. 

Town'p 51, range 
37, section 15, 
northwest quor^ 
ter. 



Town^p 65, range 
36, section 12, 
north west quar- 



Town'p 66, range 
34, section 13, 
south w.e8t quar- 
ter. 

Town*p6^,range 
84, section 34, 
^utbeast qua> 

1 1 ter« 1 



t 



Feet. 
400 



554 



672 



650 



672 



478 



20 



60? 



25 



Nature of the rock. 



The vein ranges with 
the formation, being 
between two belts 
of trap. The upper 
wall brown com- 
pact trap; the lower 
amygdakoidal. 

The cap of hill is 
greenstone, with 
amvgdaloidal trap 
at the base. 



Greoloffical position 
similar to that of 
the Cliff and North 
American. 

Amygdaloidal & gjay 
trap, vein runnwg 
with the formation. 



Greebstone trap, the 
vein ranging and 
dipping with the 
formation. 

Hard close-grained 
trap — an unkind 
rock. > 



Compact chlorite trap, 
the vein conforming 

, to the general direc- 
tion of the range in 
bearing and indina- 
tion'. 

Hard greenstone, with 
conchoidal fracture. 



Phenomena of the lode* 



Dark compact trap, 
^ith columnar irap 
40 feet below sur- 
face. 

DSrk-gray, granular 
trap, capped with 
greenstone. 



/, 



■f 



mt^^m' 



The lode bears north 43° 
east, and dips 58° to north- 
west; average width 8 in. 
Veinstone calO'Spar, chlo- 

' rite,iind quartz Native cop- 
per in sheets and diffused 
through the veinstone. 

Lode well defined on surface. 
Couree north 9i° west. Un- 
derlie 9° to east. Native 
copper in sheets and di^ 
fused, with abundant traces 
of silver. Veinstone calo- 
spar, chlorite, and epidote. 

Lode coaaposed of cnlorite, 
calc-spar, dkc., with thin 
scales of native copper ; 18 
in. wide. Course N. 46°W. 
Underlie 8° to the east. 

Lode quartz, chlorite, ca]^ 
spar, and epidote, with na- 
tive copper in bunches and 
disseminated. Courae north 
70° east. Dip 70° north. 

Veinstone epidote, chlorite, 
quartz, and calc-spar, with 
native copper disseminated. 
Courae north 52^ east. Dip 
39^ north. , 

Vein pinched and ill-defined, 
bearing southwest, and dips 
north. .Native copper in 
bunches in chlorite, epi- 
dote, and quartz. 

The lode l»ears north and 
south ,'^with an inclination 
of 60<' to the west Vein- 
stone quartz and chlorite, 
with copper disseminated 
and in bunches. 

Vein pinched, expanding 
downwards; 16 inchej» in 
width in places. Courae 
north 20<^, east. Dip ^78° 
west. Native copper in 
sheets and grains, with calc- 
spar, prehnite, &c. 

Vem beara east and west. 
Underlie 15^ to the north. 
Veinstone epidote, chlorite, 
calospar. (Native copper in 
sheets and, disseminated. 

Vein composed of epidote, 
calc«3par, )iirith native co[p» 
b^ing^ northeast. Dip 
to|nor^w€^t. ' 

' J 
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•j* 



WiaSlaM Sl«n«.. 



t. Vn ftet 

n. wruM 

III. 38 feu 



in.' iiie 



3 


Temp 
MWpe 


£' 


6 


..do'.. 


..*.. 


4 


..da.. 


..da,. 
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10 


4 


Bwpe 
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We have thus -attempted to give, somewhat in detail, a Aem^pHtoik'^ 
the several mines now wrought in the Lake Superior land district. Vffi 
4iave endeavored to exhibit the principal phenomena of the veias, their 
ngagQ,<W twt,. aftd n^etallic contents. 

Whfiu it iscQJjsidened that nearly the entire copper region is an nnre- 
clain^d, wilderness, the miners' settlements appearir% like mere dots on 
ittf surface, covered with a dense crowth of trees, through which the ex- 

e>ret with djffieulty forces a path; and that, except where the streams 
vt worn their beds in the rock, or the hills terminate in bold and crag- 
, jjjr ledges, th^ ground is cpvered.with a thick, carpet of mosses and 
ucbens, effectually concealing every trace of veins, — it is surprising that 
«idi an amount of mineral wealth has heen revealed within so short a 
period. This region had occasionally been traversed by the trapper, and 
the while man hadcoiasted along its rock-bound shores, at intervals, for 
nearly two hundred years; but up to the year 1841, when Homghtoa 
'niade his xeconnaissaiiice, we have no evidence tfeat a really productive 
vein had been observed. To him is to be ascribed the credit of having 
first pronounced on the value of this region for mining purposes,, and de- 
lineated, with a graphic pen, its geological oudines. 

It is only about a year since the Minnesota mine, which is surpQi;$3ed by 
diitofe in the region either in extent or productiveness, was developed. 
The iame is true, to a^ great extent^ of the North American. 

As the country becomes opened, and the means' for exploration become 
increased, new sources of mineral wealth will undoubtedly be levealed. 
^1ftieE0 will be an increase in the products of these mines from year to 
y until ^ the national supply will exceed the national. consumption. 

PoiC certain pmrposes in the arts this copper stands unrivalled; in 
'4n^ty and tenacity it surpasses all' the ores of Co|^r. Henee, iti the 
manufacture of wire, where extreme ductility is required — in the manu- 
frctnie of ordnance, where tenacity is the chief requisite — ^this copper 
^shottld be employed. It would be proper for the government, in con- 
4E«ctii!ig for ordnance, with the double view* of encouraging this brauch 
<ii industry and securing an article made of the best material^ to insert a, 
jtipalsition that they be cai^ from this copper. The same encouragement 
sumt be given in sheathing the national ships. \ 

Vim cfppper contains a small per centage of silver — too inconsiderable- 
in moft cases 'to justii)r separation, but the presence of which enhances 
^Ihe ^ue of the copper, protecting it, in a considerable: degree, firom the 
xaimsive action of salt iwater. These qualities, when known, will give 
j| amefiirence in market over copper reduced from the iDres. 

We have estimlLted the product of the copper minee for the year 1849* 

^ 1,200 tons. For the ensuing year it may be sa^ly vated at 2^000 

; and ajpioportionate increase niay be anticipated for several years to 



BMf fitr the product of these mines will go towav^s supply»g tfie- 
Mijflw demand may be inferred from the following tabte^ which eaEnibits 

Cifef iMcurately (at least as much so as any statistic vhich aci; a^cailai- 
) tim extent of that demand: 



^^ott/'Nb. "^a. 



» « » 
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^Mmtpffnt ) fittrnished by ihe RegiMe^ of the Tre^Lsury^ cxhnhiUng the value 
tjf eopper ufifn^nufaetured annually imported during the ten ye&rs 
ending June 30, 1 849, 



Years. . 

« 


In pi^8, bara, 


In plates suited 
to sheathing. 


Old copper fit 
only for re- 
mnnufacture. 


1 

Ore. 

» 


ToUl valae. 


1840 ...i... 


$1,100,664 

1,054,469 

621,109 

369,076 

488,981 

1,095,230 

1,038,461 

1,491,209 

702,907 

988,683 


#411,567 
535,473 
381,197 
244,050 
688,610 
738,936 
840,815 

1,043,572 
831,848 

1,044,755 


#70,405 
91,869 
82,195 
47,641 
79,805 
81,264 

114»833 

• 




#1,582,636 
1.681.811 


1841 


■ 


1842 




1,284,501 

724,915 

1,313,881 


1843... .i 

1844 


#64,148 
56,485 
48,807 

%8,150 

» 9l • m^t • • • • • 

158,302 
177,736 

s 


1845 


1,964,237 
2,009,245 


2846 


1847 :.... 


2,534,781 


1848 


1,691057 


1849 


2, 211, 174 







By this statement it will be seen that the average value of copper an- 
nually imported into tlie United States slightly exceeds $1,708,000. As- 
suming the price of pig copper to be 18 cents per pound, and sheathings to 
be 22 cents, the annual consumption would be less than 6,000 tons. The 
product of the Lake Superior mines for the year 185i will probably reach 
one-half of this amount, or 2,500 tons. There is a limit to the produc- 
tiveness of all mines; for, when once fairly opened, their exploitation be- 
comes more expensive the farther it is prosecuted . That limit has not 
t>een attained by any of the mines of Lake Superior. 

We have endeavored in the subsequent pages of this chapter to bring 
together a mass of statistical information with regard to the products of 
mines in different countries, which inay be useful fer reference to those 
^engaged in public pursuits, as well as the general reader, 

' " ■ ^ ■ ■ ■ ^. I I.. ■ II I ■ . . ...I « 

' •Old copper included with copper in pigiS, 
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. The foUawing table of the naetals^ wnutUy jrmad i^ QnstX BiiteiQaiid 
Ireland is taken from De la Beche's Survey ^ GoniwMy (183&,) tut is 
probably too low for the present time: 

Iron . - - . - J*8,000,000 

Copper 1,200,000, 

.Lead 920,000 

Tin 390,000 

Manganese .... 60,000 

Silver . . - , - 30,000 

Zinc 7,000 

I , 

^10, 697, 000 * 



M. Verlet (Gen, and Stat. Rev,, 1837) furnishes the following compara- 
tive statement of thei^ield of the different mines of Europe, taking Great 
Britain for a unity: 

Great Britain - - • - - 1 

Russia and Poland - - - - f 

Prance - - - - - - i 

Austria - - - - - - tw 

Spain - - - - • - i 

Prussia - - - - - - ^ . . 

Sweden - - - - - - -A 



Harz - - - - - - ' 



TV 

1 
TT 

Tuscany ....-- y^ 

Bavaria - - - - - - Vf 

Saxony - - \ - - ^^ - Vt 

Piedmont and Savoy • - - -A 

Denmark- ... - . - t'i 

Norway - - - - ' - • tV 

It will thus be seen how largely the mining interest of Great Britain 
preponderates over that of any other nation oi Europe.* Russia, the 
principal seat of whose mining operations is in the Ural mountains, ranks 
next in the scale. The productiveness of these mines is yearly increas- 
ing, and the relative preponderance of Great Britain is yearly diminishing. 
France, whose mines are conducted with the most consummate skill, 
occupies the next place on the list. 

Our own country abounds in mineral wealth. Our coal-fields, occupy- 
ing portions of fourteen States, comprehend an area of 130,000 square 
miles. Associated with them are extensive beds of iron, rivalling in 
richness those of Shropshire and Wales. Numerous furnaces and £)unaries 
have already sprung up along the lines of their out- crop, giving employ- 
ment to a large number of operatives. The high price of labor and the 
remoteness of the beds from the seaboard have operated to depress this 
branch of business, which employs a capital of more than $20,000,000. 

The Silurian limestones of the West, while they support a soil of gieat 
fertility, yield an amount of lead beyond the national consumption. 

«■ ' " ' — : ■ / . ' — — . 

*Tbe number ofpenons directly detyendent on mining operations in Qreat Britain is eatimated 
at 1,000,000 : 193,000 are actually employed in the mines. 



The value of the x^opper-miDes^ and! dsea^infliimce on the national' wealthy 
we have attempted to set forth. 

The richness 'and extent of the gold tracts of Califomiia surpass all 
of our previous knowledge of this class of dbposites^ and seem fabulous 
rather than real. It is to this region ^ also^ that we can confidently look 
for a supply of quicksilver. 

The zinc ores of New Jersey are feeginnihg to be adHrantageously wrought. 
It is extremely difficult to obtain a correct statement of the mining inter* 
est of the United States, as there is no statistical bureau to which those 
interested in this branch of industry are required to make returns.. The 
census returns hitherto have been very Imperfect. The following table 
can be regarded only as an approximation to the value of metals annually 
raised in the tFnited States-: 

Gold - . - . . $40,000,000' 

Iron 16,600,000 

Lead ^ - - • - 3,400,000 

Copper- - . ^ . 760,00©' 

Mercury* - - - . 600,000? 

$60,160,000' / 



The mining interest of this country is in* its infancy. If the prodacts? 
of the California mines are as great as has been represented by these 
who have had the best opportunities for acquiring: information, the United 
States at the present time is the most prolific in metallic wealth of any of 
the nations of the earth.* The great, chain of the Andes is protractbd beyond 
the northern limits of Oregon, thougli on a scale less magnificent than ia 
South America. It is composed essentially of.tlie same rocks; and we 
may therefore confidently expect to find k reeurpence of the same min^fal 
products which characterize it in ?eru and Chili. Thus far, in regard to 
its mineral wealth; it may be regarded as compajratively unexplored. 

To show the products of the mines in different countries, we haive 
^prepared the annexed table, fiom the most authentic sources within our 
reach. With regard to the South American mines', our materials are y^ory 
deficient. The unstable character of the goverixments, the .imperfection 
of the custpm-hotise returns, and the amount of precious metal$ annustdy 
smuggled out of those countries, all render these statistics little beliiier 
than estimates. The mineral produce of China is undoubtedly great; imt 
it is all consi^njied within her own borders, ind has, thopefore, no effect 
upon the market; The sj^me KQti^k - is applicable to other Asiatic coiin* 
tries. • : . : • : ■ : : 



ft^ 



*It M said that'lbe ijquickBilver.imnes t>f Oalifornia ar^ qow yielding a profit of t3,0D0 daily; 
bat we appreliead|tbaCtiu8J8tiitomeDt muet b&r^cetv^d.w}th auioy:gi?iin^ of allowance. 
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According to the estimates of M. Leplay, secretary of the Commission 
of Mining Statistics in France^ the whole amount of copper produced in 
the world is equal to 62,400 tons. This, however^ does not include 
portions of the Asiatic continent — ^with regard to which we have no statis- 
tical knowledge, but of which the mineral produce is entirely consumed 
within its own borders. According to the same authority, this amount 
of copper is consumed in the following manner: 



Qreat Britain ... 

Prance .... 
German Customs Union - 
AU|f trian Empire ... 
Russian Empire - - - 

Sweden and Norway 
Other States of Europe 
America [United States 6,0001 
Asiatic continent (India and Oceanica) 
Japan - - - . - 

Total .... 



Toijfc 

10,600 
9,200 
6, 401) 
2,600 
2,000 
400 
6,600 
6,100 
8,300 

i>aoo 

62,400 



./ • - 
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CHATTER V. 

ANCIEIfT MINING. 

Evidence of ancienf mmmgy excavcUions-j implements. — High antiquity 
to be ascribed to them. — Whether they can be traced to the mound- 
bvUders. — Andent works at the Minnesota mines: — At the Forest 
mine. — Nature of the materials found in the pits. — Bones.— Evidences 
of tumuli.^— 'Extent of these workings in the Ontonag&n 'i'egion. — On 
Keweenaw Point. — On Isle Royale.'—May they not be trac&d to the 
aborigines ? 

That this region was resorted to by a barbaric race for the purpose of 
procuring copper, long before it became known to the white man, is 
evident from numerous memorials scattered throughout its entire extent. 
Whether these ancient miners belonged to the race who built the mounds 
found so abundantly on the Upper Mississippi "and its affluents, or were 
the progenitors of the Indians now inhabiting the country, is a matter of 
conjecture. 

When all of .the facts shall have been collected, the question may be 
satisfectorily determined. The evidence of the early mining consists ia 
the existence of numerous excavations in the solid tock ; of heaps of rubble 
and earth along the courses of the veins; of the remains of copper iitensils 
fashioned into the form of knives and chisels; of stone hamgiers, some 
of which are of immense size and weight; of wooden bowls for bailing 
water from the mines; and numerous ievers of wood used in raising the 
mass copper to the surface. 

The high antiquity of this rude mining is infa^red from the fact that the 
■existing race of Indians have no tradition, by what people or at what 
period it was done. The places, even, were unknown to the oldest of thd 
band until pointed out by the white man . It is inferred from the character of 
the trees growing upon the piles of rubbish — ^between which and thos(% 
forming the surrounding forest no perceptible difference can be detected— 
from the mouldering state of the wooden billets and levers, and from the na- 
ture of the materids with which these excavations are filled, consisting of 
fine clay, enveloping half decayed leaves, and the bones of the bear, thfe 
deer, and the caribou. This filling up resulted, not from the action of 
temporal^ streamlets, butfiom the j^ow accumulations of years. 

Traces of tumuU, constructed in the form of mathematical figures, have 
been observed, but not sufficiently explored to determine absolutely 
whether they be the work of art, and, if so, for what purposes they were 
intended. 

It is well known that copper rings, designed for bracelets, are frequently 
met with in the western mounds. We have several of these relics in our 
possession. There is no evidence that the race by whom those structures 
were built possessed sufficient knowledge of the metallurgic art to reduce 
and purify the ores of copper. Admitting that they did, should we not natu* 
rally refer to this region, instead of seeking a more remote one, as the 
source fiom which these materials were derived? Are not 'these copper 



rings m fiitrong link in the chain of evidence to eoniiect the ancient mining 
of this region with the earth- works of the Mississippi valley? 

We will now proceed to the details of the discoveries thus fiur made. 
The most extended excavations are found in the vicinity of the Ontonagon 
river; and to Mr. Samuel O. Knapp^ the intelligent agent of the Minnesota 
Company, belongs the credit of having first laid before the public an ac- 
count of their nature and extent. 

In the winter of. 1847-'48, while passing over a portion of the lo^ 
eation now occupied by the Minnesota Mining Company, he observed a 
continuous depression in the soil, which he rightly conjectured was caused 
by the disentegration of a vein. There was abed of snow on the ground . 
three feet in depth, but it had been so little disturbed by the wind that it 
conformed to the inequalities of the surface. Following up these indica- 
tions along the southern escarpment of the hill, where the company's 
works are now erected, he came to a longitudinal cavern, into which he 
crept, after having dispossessed several porcupines which had selected it 
as a place of hybernation. He saw numerous evidences to convince him 
that this was an artificial exeayjation, and at a subsequent day, with the 
assistance of two or three men, proceeded to explore it. In clearing out 
the rubbish they found numerous stone hammers, showing plainly that 
they were the mining implements of a rude race* At the bottom of the e^ 
cavation they found a vein with ragged projections of copper, which the an-i 
cient miners had not detached. This point is east of the present works* 

The following spring he explored son^ie of the excavations to the west, * 
where one of the shafts of the mine is now sunk. The depression was 
twenty-six feet deep, filled with clay and a matted mass of moulderi^ 
vegetable matter. When he had penetrated to the depth of dghteen 
feet, he came to a mass of native copper ten feet long, three, fe^ wideband 
nearly two feet thick, and weighing ovqj: six tons. On digging around it 
the mass was found to rest on billets of oak, supported by sleepejrs of ther 
same material. This wood, specimens of which we have preserved, by 
its long exposure to moisture, is dark-cplored, and has lost all of its coj[i-' 
ristency. A knife-blade may be thrust into it as easily as into a peat-bog. 
The earth wais so packed around the copper as to give it a firm support. 
The ancient miners had evidently raised it about five feet and then aban- 
doned the work as too laborious. They had taken oflf every projecting 
point which was accessible, so that the. exposed surface was smooth. Ba- 
low this the vein was subsequentlyfound,filied with a sheet of copper five 
feet thick, and of an undetermined extent vertically and longitudinally. 
ThQ position of the copper block, and the extent of the exploitations 
aloiig a portion of the lode, may be seen by reference to the plan of the 
Minnesota mine, on page 133. The vein was wrought in the form of aif 
open trench; and where the copper was the most abundant, there the ex- 
cavations extended the deepest. The trench is generally filled to within 
afoot of the surface, with the wash from the surrounding surfece inter- 
mingled with leaves nearly decayed. :The rubbish taken from the mine 
is pil»d up in mounds, which can readily be distinguished from the 
fcrmer contour of the ground* 
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. another specimen of ancient, mioitig, vhere 



they have left a portion of the veinstone standing, in the form of a pillar, 
in order to support the hanging wall. The ruBbish in this excavation 
has not been cleare d away, So that its extent is unknown. 

These evidences are observed on this location for a distance of two and 
ahalfmilej. Upon a mound of earth we saw ii pine stump, brolten fifteea 
feet from the grotmtl, ten feet in circumference, which must have grown, ' 
flourished, and died sinte the earth in which it had taken root was 
thrown out. Mr. Knapp counted three hundred and ninety-five annular 
rmga on a hemlock, growing under similar circumstances, whch he felled 
near one of his shafts. Thus it would appear that these exploitations 
were made before Uolumbus started On his voyage of discovery. 

The amount of ancient hammers found in this vicinity exceeded ten 
cart-loads, and Mr. K., with Utile reverence for the past, employed apor- 
tionof them in walling up a spring. They are made of greenstone or 
porphyry pftbbles, with a groove, singl« or double, cut around, by which 
a wwie was attached. The following is a sketch of one of the larger 
fig. 31. class, the dimensions of which were 12x5^x4 inches, 

— and the weight 39^ pounds. The smaller class, 

weighing five or six pounds, were probably wielded in 
1 on6 hand. The annexed sketch will convey an idea^rf 
' their form. 

In addition to these relics, a copper gad, with the head, 
much battered, and a copper chisel, with a socket for 
I the reception of a handle, were brought to light. It 
contained the fragment of a wooden handle, when dis- 
eovered, which crumbled very soon aftef being exposed. ' 
The timber in the excavation before described showed (h6 
marks of an axe, the bit of which must have been about 
two inches in width, 

Mr. Wm. H. Sterans, the agent of the Forest minB, ■ 
has discovered other workings on the southwest quarter 
of section 30, township 50, range 3(*, almost of equrf 
extent and interest. Tney occur on the southern slopa 
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of a blH> atid cdnri&t of a ^ries of pits , some of which ^ on being opened , 
«re found to be fourteen feet deep. They are arranged in £>ur lines, ibl*^ 
lowing the courses of four veins or feeders. 

In cleaning out one of these pits^ at the d^pth often feet the workmen 
came across a fragment of a wooden bowl, which, from the splintry pieces^ 
of rock and gravel imbedded in its rim, must have been employed in 
bailing water. 

Remnants of charcoal w'cre found, not only there, but at numerous' 
places, lying on the surface of the rock. Some have supposed that fires, 
were kindled for the purpose of melting the copper, but the more reason- 
able supposition is that heat was employed to destroy Uie cohesion between 
the copper and the rock. Before the introduction of gunpowder, fire wa^ 
the ^at agent in excavating rock; and even now, in the Harz and at Al*. 
lenberg, two of the old mining districts of Europe, this agent is (nnployed 
tp break down rocks of extreme hardness. It is quite as economicai 
where fuel abounds as gunpowder in destix>ying silicious rocks. ' 

We can hardly conceive it possible for them to' have made such exteh- 
sive excavations with such implements simply as they have left behiiac^ 
without availing themselves of the aid of fire. 

In one of these pits — southwest quarter of section 35, township 81, 
range 38 — yfeie found the bones of a deer, in a pretty good state of preser- 
vation. Fragments of the cranium, humerus, and of one horn (which,; 
to use the language of sportsmen, was in the ^^velvet*' at the time of the 
destruction of the animal) were taken out. The smaller bones had 
mouldered away. They reposed on clay, a foot above the surface of the' 
jMt, and were covered with accumulations of clay, leaves, gravel, and 
sand to the depth of nineteen feet. It would appear that the. animal 
either fell into the. pit or ventured in to procure water, and, unable to ex- 
Uicate himself, perished. 

These pits, filled as they were with water, would not become the dei^s 
of camiverous animals, and to no agency of tMrs are we to attribute the 
position of these bones. 

In the northeast quarter of section 16, township 50, range 39, near a 

p. _ small stream> there is a mound ^which has the appearance pt 
•*' ' having been the work of art. Mr. Hill, from whose notes 
much of the above information has been derived, states that 
from the want of tools he was unable to penetrate it, to de- 
termine whether it was stratified or not. It is about ten 
feet high, in the form of a square, the sides of whicSi are 
fifteen feet in length, flat on the top^ and slope regularly to 
the base. 

There is another tumulus on the right bank of the Ontonagon river^ 
six miles above its naouth, forty feet high, and nearly circular, which has 
been supposed te be artificial, but has. not been explored with a view t». 
determine the point. . 

From the , northeast quarter o( gection .31, township 51, range 37, to 
section 5, township 49, range 40, a distance of nearly thirty miles, ther^^ 
is almost a continuous line of ancient pits alotig the middle range of trap, 
thoQgh :they ^are not exdusively cjonfined to it. 

Uppn Keweenaw Point they have ,been found extending fjrom Bagte 
river eastward to range 2S, a distance of twelve miles, along the base of 
the trap range. A great number of hanuners were discovered on the 

11 
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piorers to suspteet tfee^xi^tefiee of a valuable lode of ot^ppen Theyiiat^ 
also been found at the Copper Falls ittine, aftd at'tfcfe^ht»nix,'ft)Mietly' 
the Lake Superior, lAhie. At the latter 'ptecje a ooppftir fcwife iras disodv- 
ered, in the early esrpldraftioiis of that ttact. ^ 

Mr. C. G. Sha^ pointed oiit tJons stoi^r e^eidtweea of fmninigr dtt Isle' 
Royale. They occur on what is known as the Middle Fiftger,iltilt 6an be ' 
tJACod l«ngth\^isiB for Hhe distance of a mile. Mr. Shaw refmafrks that^ 
on opening one of these pits, which bad ^become filled wpwihithe mrr-' 
rdundiite eatth, he found the mine 'had 'betfn worked thit)tigh the soMd 
lock to ^the depth of nine feet, ttie walls being perfectly smooth r • lAt 'the- 
b<K«om he found a Tein of native copp^ eighteen- inches thiok^ inrtudiftg' 
a sheet of ptire copper lying agarnst the foot- wall. 

The 'wottemgs appeefr to 'have been effiscted sitnply'by stofte haanwiera 
and wedges, specimeds of which were found in great Abundance tttthe^ 
bottom of the pits. He found no meitelllfc implements ol ^ny ^escriplion,- 
and is convinced, ftow the appearance of the l^all-Wcks, the ^bits^nces 
removed, atid the multitude of hammew foowd, tbat'the labor <5>f exca- 
vating the rock must have been ^perfowned only With llie Insfe-itmehtfi^ 
above natned, with the aid perhaps of fire. Prom the appearance of lihe 
vein and the extent of the workings, he conjectures that an-immenBe' 
amount of labor had beenexpendod. He eiideavored to fiiid some evid^ence^ 
of the antiquity of these 'worki*igs, but could discover Bothtng vefy sat- 
fefactory to his own mind, eaicept that they Av^te mttde ma remote epoch. 
This Jvegetebte matter had accftmttlatod and fiU^ up the erttire opening to* 
a lev4l with the sjuprc>unding surface; and, va ia Region where it aoeumu- 
lat^s as slowly as it does on thte befrren 'and' rocky -paftits 6f fele Boy^iley 
this filtiivg Up would have been the wo^k of centuries. Upon tfcis Vege- 
lable accumulation he found trees growing equal in isifi&e to Ckny in the 
vicinity. , 

All will adMiit that the fatis above det fott^ Assign to these excdvati<!>ns 
a high antiquity J but whether they were made by a race distinct ftom ^the 
Indians now inhabiting thermion, is a matter of extreme d<Jttbt,W though 
M tttiditions with «gard to their'orighi hare perished. 

A 'race like the Indians, dependent prittcipaUy on tni^fntiog and fishing 
ibr lhem«ans of subsistence, i Would employ copper, 'Where it was accessi- 
ble, in 'the con9tru(Jtion of their weapons of capture, in preference to 
itone^ it beirig mdre' easily fashioned and less destructible. This would 
naturally be* expected in the tadest aind most sitnjrfe slate of society. 

< AmoMg the oarllest bewefitel derived tfi'oin their contact with the whites 
would be the introduction of iron implements, whi^h ♦wo'uftl soon super- 
sede those of • copper. They then woiUdhstvenolntefrest in rafeii|itaiiHng 
a' ebrnmunication with the copper region, which ^aboutldM in few animals 
of the chase, or in preserviiig among their tribe a knowledge of the 
places 'from which the metal was obtained. The lapse'of a eenttttyW 
two would obliterate &11 Additions. We have seien- that lh)))fittit> missknia- 
lies Birived on the borders of Lake' Superior as early «is 1641, and it id 
proUable that the tribes which they >there found had established «n'im^* « 
course with the whites at»ftuebec«Lnd'Moritwal years^b^fo^re. If, fhnb 
the ^scai^ty Yecbrds of 'th^ Jesuits, we^^ouldgatherWhat^amoutitiof^skiJI 

was displayed by the ^savag^s in the '^t of ^making metallic' HnpiettieA4S 
and the'kind oftnateital used, It wototdtthroWtoiKshli^t upon Ihlspoi^t. 
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Sktdls form the most distinguishing feature beftireen the several tribes 
^f the human family; and hence their discovery — which may be looked 
for among these excavations — will afford authentic testimony of the 
character of the race by which they u^ere mfide, 

• 

KoTB. — ^According to Kftlno, (Reise, th. 3, e. 4Jl6j) M. de Visrandrier, who in 1746 was sent 
tipon ao •▼erlaad expedition intcfkided to reach the Pacific, b/ Chevalier de Beauharnoia, then 
•gvYernor^eneral of Canada, in the prairies 900 miles west of Montreal, found enormous masses 
"Of l^teaA, f)laced in .an upright po^itidp by t)ie IU|i^ of maA, and on ohe of them wa^ softie^ 
l^iii^ w^ch i^as jt^en to be a Tartar inscription- • It was engraved oh a small tamet which had 
ieerf let ipto a pillar of ' cpt ftqne, iii wtitch positioVi. ft was found. Soi;nc of tie Je^aitii in the 
^ty of Gtuehec assuted ^Mm that they bad seen and handled the sup^oised inseriptioo. It Was 
'Qlteiyard8.^ransm\tted to Coupt Jilaurep^, jp Frapce; flqnabolilt, from whqi^ wp derive this 
|plbiii|(al|on, (kiipetiBpf ^(|tare, title i^teppes and Annotations,) add^: ** I have aslfed several of 
py niepdiB^iii rVatice to searck out this tho^iument, iii ckise it shodtd really ^e in'^xlsttetice/and 
in the collection lOf Cottnt Manrepas, bat Without success.^' ^ay not tbift oanred stone kave 
t>^n ffie wprk pfthe.ol4 copp^i^mers ?y^#0drj^^ further i^ffirmedthi^t, thr^ughpui entire daya^ 
^urneya, tnces pf the pll<|Uj°;hsh6(re were discernible; 'tiat {lumboldt remarks that *' thctQia*! 
IgnbranoQ of ^e primitive nations of Amenqa ¥^ch ^regard to thili ''a^ricoltuVat'implem^nt, tbe 
"^snt of drau^t cattle, aadthegnsatextent of ground over wh^ch the supposed f^rrawsare found, 
eJi lead to (fie conjecture that the singular appearance has been produced by somp ^fleets of 
water on the sorface.? 

fh^ snrfrce of the i(dandpf ^ackipac, whidi lay in tl^eir ^ute, present^ the appearfioc^ of 
« pfoughed field. It arises from the'rieuhoval of blocks of stonie flrom thlir' place ^dT'teddin^ in 

SI Btvata by the Mency q( watfr, dqifii^g the drift epoch. The eai;th is not evei^Iy diatfibii^tiedy 
t Jic8;^q q^^^e^myj5S,\ai)d,wellp)ifh^^ pi«t!»)^ei)i for tfic rfim^ins of ^bor^in^ tillage. 
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CHAPTER VI. 

» •. •■ . • • . ■ 

VEINS AND V£INSTONSS. 

The occurrence of copper in different parts of the earth. — Geological assa^ 
ciation. — Defi?ntion of veins. — Diff'erent systems. — Lengthy widths and 
underlie. -^ Their gangttes and the changes which they undergo in their 
passage throtigh differevt mineral planes. — Formation of veins. — Ma- 
terials composing their ganguf^s, and the order of arrangement. — Covnhy. 
structure ^-s^Position of the silver and of the m>oss copper, — Veins q/[ 
native copper y an anomaly. — Various hypotheses as to the m^de of 

. filing. "'Irijection.Sublimation.'" Electro-chemical agency.^ Universal 
diffusion of magnetism, and its influence on the combinations of 
matter. 

Before entering upon the detailed description of the phenomena of the 
veins of the Lake Superior district, it. would be proper to torisider the 
xjonditions under which copper occurs in other portions of the earth, and 
thus afford the means of comparing this newly-discovered district with 
those in which veins have been wrought for centuries. We shall then be 
able to appreciate the peculiar, and we may say- unique, character of the 
Lake Superior district, and arrive at some general conclusions as to the 
degree of importance to be attached to the facts developed in the progress 
pf the explorations. 

It must not be forgotten how short a time has elapsed since the first 
attempts *t mining were made, and the physical obstacles which had to 
be overcome before the business was established on a firm basis. Al- 
though on the eastern continent mines have been wrought from time im- 
memorial^ and every year has added some new* facts to the mass already 
collected, yet the theory of veins, their detailed structure, and the re- 
lation of the various ores to their gangues and the enclosing walls can 
only be said to be-imperfectly understood in those districts where the most 
skill and science have been devoted to their investigation. It cannot, 
then, be expected that we shall be able .to solve the various problems pre- 
sented in the investigation of se complex a subjfect in a district where 
mining explorations have been carried on only a few years, and where 
a small portion of our time only could be devoted to the collection of the 
£icts brought to light. 

The occurrence in this district of powerful veins of native copper in 
igneous rocks is a deviation from the general rules found to prevail else- 
where. They are confined, as we have seen from the detailed geology, to 
the bedded trap, while the rocks of the preceding epoch — for instance, as 
at the Prince mine, Mamainse, and other places on the Canada shore, 
where the greenstones have flowed over the slates — are characterized by 
the presence of veins of the sulphurets. 

In relferring to the conditions under which copper occurs in other re- 
gions, we wul commence with Cornwall — a district besd kpown to the 
American miner. This district furnishes all of the tin and seven-eighths 
of the copper mined in Great Britain. There are about 112 veins wrought, 
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9X an annual e^qpense of J'QOO^OOO. The i0ck in whieh they sure princi- 
paJly d«vol<^>ed is clay stale , or kiUaSy ba it is termed by the Comiish mi- 
ners, c(ui«tituuttg the base of the Silurian system, among which the gran- 
ites and elvans have been protruded. The ores are th^ yellow sulphnset 

tif copper and iron, with which are associated, in the undeQompQsed part 
of the vein, black snlphuret, red oxide, and native copper. The gangue 
of the cupriferous veins is £^most exclusively qpartz. Theaveiiage of the 
ore raised does not probably exceed two and one-half per cent, but by dress- 
ing i^ is brought up to eight per cent. 

France at present affords but one workable mine of copper. Numeioiis 
mines have been wrought at various periods, but at this time they are 

. abandoned. In the Vosges, the copper veins; are associated with the 
argillaceous slates of the carboniferous era, among which porphyrinic rocks 
have been protruded. 

The celebrated mines of Ctiessy, in central France, ace at the junction 
of the granite and lias. 

Germany, ^^In. the Harz mountains, the copper veins, with quartzose 
gangues, occur in grau-waeke slate, with intercalated belts of trappean 

- irocks. The product of these mines does not exceed 300 tons. The 

. mines of Rheinbreitenbach, in the same formation, ^re productive in pyoi- 
tous and variegated copper, accompanied by si gangue. entirely quartzos^. 
In the vicin^tyof Mansfeld, in Prussia, occurs th^ interesting deposite 
known as the ^^kupfersohiefer,' ' or copper slate — a thin layer in the zech- 
stein, throughout the whole thickness of which is di^eminated gray ar- 
gentiferous copper ore, yielding about 2.1 p^r cent. 

Near Schemnitz, in Hungary, is an interesting metalliferous region^ 

.which produces about 5,000 tons of copper annually, togeilier with gold, 
silver, antimony, and other metals. The veins are included in porphy ritic 
rocks, which. are connected with sienites, passing into granites. The pitje- 
domixiating gangues are quartz and sulphate of baryta; the ores, pyritous 
^dayd gray copper. 

Spain, — ^The general character of the deposite"^ of the metals in Sp^in 
is similar to those of the Harz. The amount of copper raised is trifling, 

, compiM^ with that of lead and mercury. 

Nwway and Sweden. — The sulphuret of copper and iron is almost the 
only ore obtained from the (Scandinavian mines, and is very meagre, 

. rarely exceeding 3 or 4 per cent. The Norwegian copper is highly 

esteemed, in consequence of its freedom from arsenic and other metals. 

The veins arepiincipaUy confined to the gneiss and mica slate* Tke 

. famous mii^e of Fabuln, now nearly exhausted, occurs in the latter rock. 
From 1838 to 1843, the Norwegian and Swedish mines did nQt yield over 

. 1,500 ton$ of pure copper. 

Ri$8sia.r— The Russiap copper deposites in the U^al mount^ns are re- 
markable for the purity and richness of the ores, with which* is associa- 
ted considerable, native copper. They have^been compared to the veins 
of Lake Superior, but between the two districts there are fe^w points of 
analogy* The most productive mines are those of Tourinsk and Nijny- 
tagili^^. . 

The chief mining-gmund at the last-named places is a broken ^nd uji* 

' consolidated. mass of detritus, containing thin veins and nests of mala- 
chite. It lies in the depressions worn in the surface of the upturned edges 
o£ th<^ lii^^ton^ tfrata belonging to the upper portion of the Silurian 
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Vb6bfil, ^Snmg Vfcfch tfr^' ftltefiiiixed'brbki^ri ri'Sg^ dif SfhjmBWfc *«», 

-(Cuprifelt)ifls soIUlibilj defjbsiled itl a ^Magriiife fotifA. SiaViH'iA Ai^ di^tttJiJ' 

tef of the Riibiaii ddj)6sit€Js. 

CMa.'-^The SLVei^age prodbcl irtiik:rttted to England' ffbni *8»'«'l^ 

was 5,400' toniSf of pvitfe coppit^the average yield of the a^ b^iii^'d litVte- 

oVdr 16 per c^til. THo copper depbsites of Saiiti^gb aS^ Highly pltkliKitirii. 

The oreii arfe riot in regular veihs^ but in bteds arid masses, stibordinate- 

to the igneous rocks, especially greenstone and serpentine. THfe ^^lis. 
^ar^ quartz, dolothite, and cstrbOhate of iirtie. Theyfellow sUlphtirets are 

associated With thfe hydraled oxid^ of irbti^ Ndtive copper is af!soobi^cffV*a 
' ih tfii^ coniifejtion. The ptfesenc^ of hsitive silVei* ih tAe blrt^ cftfbbii- 

aite of tbppbt is by no rrift&tis r^e. 

Chili. — The average quantity of copper smelted inf 'Vt'ifes^ frdWi th^ brts 
H6d blade n*tal from thii* soured, from lS45 to 1®47, ^aS 4^4I» tons* 

The average yield of the ore and black metal was 31.15 peif cetit. 
Th6 Coppef vdttS ar^ excefedittgly lilfmi^roiis atidpb^^rful) ttrid e^fisft ia 

th^ gm'nite. Th* gittgue* rir^ qitart^ose AM jasfteiy. 

AtufiraHa\—Th^^b itiiri'ei^, thdugh Wofk^d but a ibi^ y6at^, are' dMSr 

fi$tYig' ill ittip^rian66. The geologied a^totiatibh of the rocks ife siriliRlf «► 

those of CoifllAvall. Hitls Of riii(5a Slate febnipos^ ilk^ BdtVbsfea ffistHtii;: 
' tod distorted 6Wy slate, lift* th6 kilbii o^GbrnwttH, is Seen ih'thii Adeline 

- Aistribt. Through these thfe gtaftitfe's ahd sieuft^s have^offudtea. Th6 brt» 

- 6{ fi&ppit ^te abubdartt, cbnststiVlg of tlid i^ed oiM^ ahd slilphii^etu. 

From the verbal coiiiftiUfiic^llohs of Silr lohtt RibHaydS^n, Weitlfeir'lMt 
the allia!6*gy bitwefeh the Lakfe Sup^ribr dfeposites' attd tho^e of the Copper- 
riiiile river is fery matked. Thi^ todks cOttsist of bbdded trtip Aftd Sattfl- 
rittJtie, With otifcaslbi^al Itfy^ts of liiilestOiie, travehted by viihs dohllitiiiii^ 

- iiative copper and rfialteichite. 

^ It Will thus bfe seen that the ores df 6bppif dre Cohfih^ to ik) partfctiltJdr 
position in the geological column, but range from the lias to the grattitfe* 
Veins Are' the principa! tepbSitdries df riiost of th^ valu'able metiis' em- 
ployed in the atts^ ahdi, Whether' obiserved in the LT^al dr <fte, rifar^, fti 
Cornwall or on the borders of Lfike StiperioT, exhibit' ce^lA ftfettirta i 

' 1h cbthttibtt— shbWirig thai th^f/foifniAtitrn is due t6 the opevatloft 6f gen- 

• eral laWaf. ' 

They are dltftofeft a^ys iFotirld assbdi^ed With the ig^eotiS ^ttS tA^ik- 
morphife tocks; but #here they bccut ife tbck^biif^iy deWfel, the ^febtts 
roicks rfte ^heWUy found not ftr reoioved. It is, ther^fcfre> to igtteoua 
agency thaiwe at^ fb altHMitetheformbfibttof fisyuffesand thei^eg^re. 
gatibirr (ff ffielr ^ietall?e pi^dttcfs. 

"Mr. Carne remarks: '^ By a true vein, I unael^tahd flid iftriierkl cofc- 
tents of a verfical or ihclihfed festffe, toaWy At!raight^ ahd uf ib«tftnite 

-lertgtTiaMdei)th/* ' 

Wef Jiei", Ihe §fM SaJcbh gebloiiit, defiri'M v^itif^ i^ ^' riiih^ft! rtpbiitt- 
H^4; of a flat o-r tubular shfe[pe, ^hifch tVaVetsfed i\i6 §trAt* Without r^gkid 
to straitificfitioh, having the appearance 6f rents or fiissfUres formed ih iHe 
rocks, and afterwards filled up with mineral matter which djflFered flibii^^r 
less fiferh the rocks themselves.*'' ' ' 

A tme vein, therefore, ttiiiy bte defitted as a fissilire hi thfe sbKd fcrWit bf 
the earthy of indefinite length arid' depth. Which has been fille(J mo¥e br 
lessl^rfectty ^th ilnin€flfai aubsta6ees, inti^dtlcid 1>y taribUS iget^ies^ 



watmv^mX^ t9^th0 ii!«iTMlti4ii <c>£ the &^v^. Tbiejr ^ij^ ess^BljciUy from 
.li#i^s^ whioh'£ire g^ni^ialiycoii^tainpoff^nQCiiie^ with i the forp^^lioQ in which 
they ai^ eikc^wd^' and i^ig^ m4 dip. with the<as^bia(ed rock^. , Th^ 
distinction cannot in sdi cases be recognised, since mineral depositee siot^e- 
times present characteristics common to both. 

Giserjr mining distnct exhibits. certain systems of veins^ which differ 
from each other in age, and often in their mineral contents. 

In ComwaH, th»ee sets have been observed, which have been desig- 
nated by certain provincial appellatiqns well understood: Ist. The system 
of right-running veins, which traverse the country in a directioii nea^J 
^iost and w«st, M|. tjbnwood fo^iivd, a$ i\\e n^pin of, Sl^iQ* observations, 
' tbfit the isiiSht-iunniPg^ veius-cont^ining m^talUfeipas ore^ bpre 4^ north 
<^eas( and south of wissi. 

A»^lsh»T mt^^\McovUw, i|)|er$(BCt tj^e in^i^ ymns ^X aia single of 45^; 
41)4 still wa^m b^ qWied cro^rc^mr^dfi^^ intecsect the right-running 
veins aA i^aidy rtgh4^ s^igles* The first syisteopi is the ippst ancient, be- 
.oausi^ it is lAwasy^ travear$ed hy the other two; tbieiy are the otd^r tin veins. 
. Th« o^flct a» t)»ose which/ contain tin- and qopper- The third are the 
.^fi^m^A'V^e^ vej«s> wkhb ve the mmK recent and, the mpt^^ p^oditcttve 
/6£ copper.* 

7bes0 v^Fne vaay^ from one to foar feat in wiidth, Tl^ey oidin^rily 9^- 
. tuod ♦ fefw thousaiid feet, md some even a mile; tbie gr<^at vein of t^e 
. Uiittied» min^s ba« beoA, however, tr^ped to the distance of eight miJes. 

The direction of the principal v^n# in Mexico — for in^tapce, the Ve/fl 

Gnmde^ii^ Fi?/awMidlf6-Ti^«M>cthAvest 9n4 senlhe^st, apd they a^ exhibited 

<m.a scale of gsandeur unJuagwin in the miBi^g districts of Europe. Thifs 

Ibe Veiia Madre has been traced eoiitinupusly on the surface for mo]:e 

. ihaa sis mites^ ;and e;iip^d8 in places te the enoiTueus width of ninet^ 

In the Cerro de Pasea> P^m, noted ff^t its silver qies, one $i^t of vein;B, 
aneordiog to,Tschudi, beans noslh and s^uth, which is intersect^ by 
another aet . l)eamiig east southes^t a^^d west-northwest. I'he Veta ^ 
Ctdmiifica has. been traced to the distance of nine thousand six huE- 
dffea feet, and it extpands to the width of four hundred and twelve fee^. 
Thasr hetoofi^ to the first-mentiened cleuss. The Veia c(e Pq^ifLrir^i^f 
which belongs to the second class, is known to extend six thousanjl 
Aut hundred fteliai lengthy su!id tl^tee huindjEed a^«d eighty feet in bre^flth. 
. FiM» these large veit^s, numerous small ones branch off in various direp- 
-doA^y forming a oomplete network of silver beneath the surface. 

A. vein of two or thjroe fee^ in width can prob^^yhe as ec^noi^nic^il^ 
wvonght as om of mnch greater expwsioiii^ the ore$ ere nicMfe (;o^iQen- 
ti»ted, and thft^expense pf $eeuia»ng the work by timbers is prppojrtionatety 
less. 

JMm ef Keweefmrno PmV.— rOn Keweenaw Point, on* system'^pf veins 
IB well Ae&Qied. Their bearing is north oif westr— the mean of several Oi^)- 
ser^aticma giving .north 21^^ west* Sp true is this, that no percp^^iittjljsr 
productive vdn has been discovered thus far which varied 16° from th^s 
course, which is at nearly right angles to the formatiqu, or axi^ of uphea- 
val. These veins » in tiieir downward course, deviate pore or le^ from 
a peipeudieular^ amounting to S° or 10"^, or even 12"^. They also ej^v^ 
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and contract at short iatervala, whitSh resuIts'(Vomth*taterrf aWcC-vwrlfetl 
dislocations to whiph the watls have been subjected. The CHff vein 
aflbrds an ilhisttstion of this kind, a Eection of which ie sobjoioed: 
Fif.33. 

«. Wdll, marly in cDHiaci. 

i. Vein nearly tertical, displapne two Xaytn or coinb»--a»en fn tte fourtK level 

north or <he irain ihaft. 
e. Veinilonc, breecinted ; cut layer only aeea ; T«iD piaebed tod nueh i«elin«d. 
d. Ea;l layer now eeen- 
__ /, Vein perpendiouIar,Bnd«ipBlidhigh withh. ■ 

Not more than one-half of the east comb is represented in *fe 
I fissure. The. miners call it a "splice in the vein." These 
t^ splices will be found to occur wherever the vein ■becomes nearfy 
[ vertical. They fill -the vein just above the points where thw 
* walls nearly come in contact, and run out on the overhanf^i^ 
[Twall, leaving the west comb to occupy Ae more inclined and 
^ contracted parts of the fissure. The brecciated veinstone is ei- 
1 ways found just above the points w'here the walls nearly coiAe 
in contiwt. These expansions and contractions in the vein re- 
sult from a vertical dislocation of the enclosing walls. If apiem 
' «f paper be cut in a Waving, irregular line, and one part slipped beyond 
the other, it will represent pretty correctly the irreguhuiiies ofevei^. 
The sur&ces of the fissure, or rather the walls, are polished gs\d ittriated, 
resulting from the repeated slippiugs of the mass; 

Veins in the Ontonagon region, — A different system of veins prevails 
here. The veins run with uie formadon, instead of cutting it at right 
angles, tilte those of Keweenaw Point, In the St. Agnes, Gwennap, Ind- 
ium, and Caml)ome districts, in Cornwall, according (o De h Beche, the 
general coincidence of the tines of bearing of the tin and copper lodes 
■ with the lines ot eivans is particularly remarkable. 

In describing the peculiarities of the trappean roclcs, jire staled thftt 
■whenever they approached the detrital rocks, as a general thing, they as* 
anmed a stratiform appearance; and this remark is applicable to this r^, 
' gion. The fissures^ appear to have been formed along these lines, and 
Correspond in bearing and underlie to the_ bearing and dip of the asso- 
ciated sedimentary rocks. 

Of (his class of veins, ihe Douglass Hi?iughton, the Forest, and tW 
Minnesota are marked examples. Some have supposed, fi6m the coinci- 
dence in the bearing and underlie of these fissures with those of the sedi- 
Aientary rocks, that they were of cont«mporaneous origin — in fact, that^ 
they were simply beds. We do not, however, regard them in this light. 
Take, for example, the Minnesota vein. The walls are poliahed and 
sfriated, and the mineral matter composing the gangue is distinct in oK^r- 
acter from the enclosing rock. The vein exhibits numerous strings and 
feeders, and, wherever these intersect i(, marks of derangement are ob- 
servable. The veinstone ia arranged in combs, like that of the vertical 
fissures. These peculiarities are sufficiently marited lo justify us in re- 
garding them as true veins. ' 

There is another class of deposiies whose course and underiie comt- 
pond to the course and dip of the adjacnt sedimentary depositee. We re 
card them as beds, contemporaneous with tlie associated rocks. They 
■differ &om the fissures last described in these paniculiirs: They are im- 



|WfilKd:^dtfiiedftbeif6.bea:igD0 dear lines of jundioti wiA the'waHs; 
aie very irregiUar in their course^ exhibiting nothing like parallelism for a 
''cofiiddetilldie (fistence^ 9nd the hiineral matter with which the copper is as- 
sociated is never arranged in combs or lamellar plates. They are known 
as ^'epidofe veins," the gaogue consisting of epidote and quartz^ with 
native copper. They appear to be the result of seegregation, rather thsi 
injection 9 and are as rich at the surface as at any g^ven depth. This class 
of beds is^ generally associated with the quartzose porph3nries of the id- 
gipn west of the Ontonagon river and the Porcupine mountains . 

Numerous explorations of these beds have been made> but in no in- 
stance successfully* i 

The quart2ose porphyries are also traversed by $i set of narrow irregu- 
Im fissures, neaiiy irertical> filled in with quartz, and for the most part 
barm of . copper. 

In this connexion, we may mention still another class of deposites. 
Betweentbe trap^Kaa and detrital rocks is often interposed a bed of cii^- 
rite, three or £>ur feet in width, through which copper is found dissemi- 
nated in small bunches. The Union mine^ now abandonied, on the Little 
Hon river, at- the base of the Porcupine mountains^ is an Ulustratioh ^f 
this kind. , 

Veins of Isle Moyale. — The veins of Isle Royale are more complicaited 
than those of the districts we have before described; There are several 
^sterns, but .the explorations have not been sufficient to enable us to de- 
lermine their relative ages. 

One systenv of veins bears nearly east and west, corresponding with 
Uie bearing of the associated sedimentary rocks; but while the former 
' dip to the northwest at an angle of 76^, the latter dip to the south^south* 
east at an angle of 12^ or 14^. Ta this class belong the Siskawit and 
Scovill vein and the Duncan vein, on section 34, township 66, range 34, 
on the lease of the Ohio^and Isle Royale company. 

Another cla^s may be ^^ifNropriately called beds, having a bearing and 
dip conformable to those of the detrital rocks. This class is seen near 
the head of Rock Ilarbbr, and at a place . on the southern shore of the 
island which bears the classical appellation of Epidote. 

Th^» is cu[)other system of fissures which run nearly north and south, 
at right angles with tlie axis of elevation, and dip from 10^ to 20^ to the 
east. To tms'clasis nmy be referred the vein now wrought by the Pitts- 
huiig and Isle Royale Company at Todd's Harbor, andvthe powerful vein 
on Pheip&|s island, at the outlet of Washington Harbor. Num^^roi^is fis- 
.»ires hotding the same course may be seen between Siskawit bay and. 
Bock Harbor. 

Few veins exhibit their true character on the sur&ce, which arises 
probably from the oxidation of the materials composing the gangue. 
Owing to the nature of the country, it is impossible to trace the veins con- 
^uously for any considerable distance^ but we have satisfied oiirselv^ 
that some continue six, and even eight miles. They rarely exceed four feet 
ill width. The average width of the best veins thus far developed does 
not exceed two leet. Few &ults have as yet been objserved to interrupt 
thw continuity. ^ . 

^Having thus endeavored to define the different systems of veins in thi$ 
tegion, we will next consider their gangues, or materials composing the 
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Thegwgues of veijas desenn^re ix» be elostiy s^mtuiiaed hf di9'imo«r> 
since a knowledge, of their peouliarhied is oft gUMft prabtiral impoitaiioe in 
enabling hirn to judge of the probable pmdiicAiveiiess of a Tela; Tte 
. gangoev of. the most prodmetive veins in this i^gton ootisiat of an adimz- 
lure of calcrspai*, chloriiey epidete^ laumonite^ alid 4ni8y qaarte* . Prehaite, 
fluor spary analcime, datholi<;e> mesotype, apofikyiiiley and table «|Mdr Me 
occasionaily met with ; but their presence may ba legorded as aeeidential. 
in no iiastance has a purdy spar vein beenjf<>UBd pr»luott«r«.: Thaisame 
remark will apply to the quartz veins. •; 

In other countlies^ the mioer jndge& of the> character of die loda^by the 

jdiaraoterof the veiostooie. Tbus^. in GorntRail^ above die .ireins whcie 

rich deposites of copper occur is a mass of ferruginous matter^ <ttUedi by. the 

.miners gossan. 

, In the Har2, a red oxide of iroU^ known as okt^mm (h fer^ esaps tHe 

lead and silver oies^ and when struck affovds .the minefr almosi uneifing 

ilidicatidns of the piDJEimky of rich deposites. . 

Ic is deemed anneeessary here to descvibe thse charactsr of the yeia- 
stones with more minuteness^ inasmuch as detailed information will be 
ftlind under the appropriate head in the Tabk of Mines. 

The productiveness of a vein is also infhienced by the charactof of the 
enotesing rock. Whete it exists in the gf eensiioneoir hard cryslsllliiie rook^ 
it is pinched; :where it enters the soft porous amygdaloid, k becomaafleol;- 
• tered aiiid ill defined; and in itd passage thatni^ abettof congiemeiratto^ it 
almost always ceases -to be metalliferooB. 

The most favorable rock— that in which a vein is best dereloped*— ^-is a 
granular trap, with oeeasiooal amygdliles scattered through it of ^ lively 
color, and posasssing a good degree of firmness^ 

This kind of rock belongs to die bedded trap. No veins of natiw 
cofpper hav^e been found except in this associalton; 

The infliuence of the eaelosing rock uipoui the produtttiveneas of a* win, 
and the change ini its mineral oohtesita in passing thnnigh difihrent bells 
of rock, have been observed intocheriegionsv 

'"K^ranite, or its modification, elvan," remarks De la Beche, in his 
SiiiFvey ot Corhwall,. ^'is feinind near si] the kMsairtiee wiheve tin and copper 
-ores m abound as to be worked^ and pioduee good mines; while .hnd, 
antimony, manganese, iron, and zinc are discovered in suflicieffiit.qiiflnUi- 
tieS'lb be pirofitably raided at a distance from gianite or elvant. As far as 
the two ceumies of ComwaU and JDevcm are caneearoadl, thof conditieos 
favorable for tin and copper ores seem unfavorable for those of lead* 
Tahsiabie nvmes in the gatanite become wioithlesft when they peas io/toahe 
slates." 

In the Harz, accofding to M. Fonrnet, veins passing irom argjUaceous 
slate iwto eheny slaie tese their produolite character* Hard giBMitos,,aaa 
geneml thing, are less prolific than the soft decomposed kinds. 

To show the changes which veins undei^o in rtieir passage tbmugh 
4ifieient beds of rockan this disftriot, a liew examples. wiU be cited. 

We have described the range of hills in which the Cliff and Niacth 
American mines are situated as composed of crystalline gFeeostooe at the 
aammit, and a granular izap, somewhat amygdaloidal, at the base. The 
same remark will apply to the Northwest and Northwestern mines, la 



th% 9ifeeiibt0M th« t^insi ate eotitiisu5ti^d! arid )Mikw, but dti etit^tig tHe 
grtmular trap thej^ become efxpbiMkd Md givd'eViid^jitse at otiee of thdr 
&»e ch«lAct»r. 

At the Gopper Palls' mine, tlfwl nin hi' «tie ridithtt^fi tV^j^ belt Wtt \Hrell 
d^tied andl productive; bill on ettt^ihg th« b^It of ^undstotoe to the soUtU^ 
tt contracted to a m^re fi^^urd. Thm hdt wad p^nfefrimd, but the miners 
did not Buceeed in liecov^ring the vdin in the i^uthe'rn tr^ belt. (Vide 
titbtion of the ys^atk» in the chapter on mines.) 

Mr. Hill traced- a vein which appekr* near the lake | shore by Copper 
Bait)or throtgh sUfecessiye belts' of oongknfiie^alfie and> tr^p, and thus 
. describes the changed: This vein i$ eft sectiohs'2d and 36^ towriship 5§^ 
irattig^ 29y and towli^hip 58^ rafigi^ 39. It i^ distinctly marked on the sur- 
&oe Ihrotigh the above-named s^tiotiS) and can be e^tamiried every few 
y^^s oi^ th^ line <^f bearing, tt varies but little in ite general cour^ 
ttotn ninfii to'sonth, and undei'liei^ slightly to the easit. Its width in the 
first belt of sandslo^eand conr^omerar^ i6 tvro feer, and its gangue consists 
«f calc-j^paty with somb native coppeft. its width in the fi^st trap belt is 14 
inches^ and its gangue consists of calc-spar and lauitioiiite, with native 
copper disseminated. In. the main range of conglomerate it. expands to 
Wp diili a h^t'f feet^ and is £Ued ih with calc-spat^ and exhibits nb trace 
6f copper. 

^he large spar vein known as the *'Gfreeii feock'* aniohg tfee eariy Vby- 
figteUrs, which strikes the shoi-e at Jtays^s I*oint, Copper Hatber, is ttA- 
d6llbtedly a coritinuatibh of the btack oxide vein a feW rOd^east 6( Pott 
Wilkins. In the first conglomerate belt, the spar was a^s6ciated WiA 
the grieefi and blue silicates of copper. Ih the second conglomerate belt, 
it cohtaihed, in addition to the silicates, largfe masses of macik oiide 6f 
eoppej^. ^ 

In the bottom of the harbpr, when the water is tranquil, a Spat teili, 
destitute of c6ppe¥, is seen m the ihcliidfea trap, corresponding to the 
direction of thie vein in the conglonifefate Oil either side. 

Thus there can bfe little doubt that the veins of Keweenaw Point 
frtiVe^se dlff(^!rdni tnitl^iBl plaio^S) atid, ih thl^ir passage through tbem, un- 
dergo iharked chahg&i^ itl thefilr gatlgi^^s^ stnd'metaliic contents. 

On Isle Royale, the veins exhibit the saitie (ihanges. Mr. Shaw sank a 
.Bh«*t oft a Vdft^aboW S^dVUt'S Pt^tety to the depth of ninety six feet. 
For thirty feet the reck wa* stoft, iw which the vein was well developed, 
»ptthdi% ih pla(^s'lb four feet to width, atid containing oonsidetable cop* 
pat. A-t that depth a battd <f( cblttrfthar ttap' was struck ated penetrated 
id' the depth of ^licty-six feet. The tt^iw.oofttracted to a foot in width, 
Aftd was nearly feariren awd woitMeds. 

lir; WMtti^iiey , the httiH^r ageiilt of iSie^l^feawit mine, informed us that, 
at their wdrks, th^ cotomnar trap W»fe iwier^eotBd at tite depth of thirtjh 
fi^e ftcrt; th'at the v^in Was wMl eipos€?d hi the overlying amygdaloidal 
tthpi but that 6ti ehl!6rii^g the ooilimuar trap it narrotwd lo b niepB jfesttrid. 

The same results followed the explorations on section 27, toWiiBhip 66, 
'fatig6 i4, Belbftgihg to the Ohio ahd Me Royale Compemy, 

On section 33, toWriship 67^ ra«ge 83y a v«in besoring north 5iP east,^ 
the gangue of which consists of quartz, chlorite, and calc-spar, with co»- 
iiderabie native; cop^e:^^, is sie^ft tiatersing a trapp^«i' lock coibpcMsed of 
hornblende and feldspar^ highly crystalline, ilbt. 8hawsaniooa jthis vetB 
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to the depth of fifteen feet;when'he tnteisected a'dadi ' boraUende tn^, 
in which the vein lost its character and became worthlesB. 

The most stiikiug illustration of the changes of a vein in its pases^ 

thioug-h different mineral ' planes is to be seen on the northwest coast ot 

. this island. The cliffs consist of numerous alternations of greenstoite 

p^j[. St. and porphyry, which are cut by a vein varying mjm a few 

- inches to two feet in widdi. The upper portioa of 

[ the vein at a, is made up. of trappean mattor; a few fe«t 

i lowfir down, at b, tire gangue ts entirely quartzose; still 

lower it gives place to calc-gpar. It may be seen in the 

p annexed figure; p, p, p, represent bands of porphyry; rf, 

the lowest band of porphyry seen, wliich is amygdaloidai, 

the cavities being £llea with calc-spai, below which point 

s tliis substance entirely fills the spaee betweeen the walU, 

indicating a common origin of the calcareous matter bolii 

of the vein and the porphyiitic band. The bands of 

3 phophyry a^ separated fi'om th« trap by thin layers of , 

lauuiooite> 

Ihrmation of veins. — The manner in which veifis occur would seem 
tp indicate that they were rents or fissures formed subsequently to the con- 
solidation of the different mineral planes. The parallelism eJchibited in 
' the same system of veins would further indicate that their direction had 
been determined, not by fortuitous circumstances, but by the operation of 
general laws. 

The materials composing the gangnc of veins are often arranged in 
parallel plates, constituting what the Cornish miners .call comAy lodes. E>e 
laBeche supposes that this arrangement resulted from successive openings 
of the fissure. 

The following is a section of the gangue of a vein on the southeast 
quarter of section 10, township 60, range 39, Isle Royale: 
Figf 35. 1. Laumonite,halfof anlnch. 

2. Prehnite, with native copper, two inches. 

3. Clay, probably decomposed chlorite, one 
inch. 

This vein appearsto have been subject to thr«e 
' successive openings. 

The east vein of the Northwest Company ex- 
hibits two combs: that attached to the foot-wall, 
six inches in width, is composed of calc-spar with 
little copper; ihat allached l^J the hanging- wall, 
twelve inches in width, consists of chlorite, 
-qnartz, and c4le-spar, investing copper in spangles and masses. 

We have given sections of severn vans in the chapter on mines, and 
they may be. referred to in the further iUuslmtion of tiie structure of the 
,Teins of this region. 

In the Cliff vein, there are two combs— that attached to the foot- 
wall containing most of the masses, while the other carries disseminated 
copper. 

The sheets of native copper, as a general thing, though not invariably 
occupy the fixitwall of the vein. 
Where crystals occur investing the wails, with their faces opposite. 
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^he^h^r serpamteSi or mteriocked, they alford strong presumpHire ,evidenco 
of the orginal width of the jfissure. 

The Prince vein, Canada shore, affords a beautiful illustration of this. 
The vein oh Spar island is about fourteen feet in width, the walls being' 
invested with amathystine quartz, with the faces turned' outwards, occu- 
pying two /eet in width, while the intermediate space is fUled in for the 
most part with calc-spar and pyritous copper. 

It is difficult to determine the order in which the materials composing 
the matri^s: of veins were deposited. , In some cases the earthy substances 
were deposited before the metallic, and in others it is evident that copper* 
e:sisted in the fissureii^ before the process of filling was complete. Itis^ 
probable, however, that the copper was fbrmed at different times. ' 

At the Copper Palls mine; for example, we find small specks of copper 
enclosed in obtuse rhdmboidal crystals of calc-spar, variously modified; 
again, we find native copper deposited around crystaAn of analcime and' 
calc-spar, taking the form of the feces of the. crystals/ every line and wave 
being Tarthfiilly represented, as in the electrotype process. The copper 
often appears m arborescent forms, invested with calc-spar. 

The Prince mine affords specimens of dog-tooth *spar, studded with 
minute crystals of bi^sulphuret of copper, while the vitreous copper is oHen 
enclosed in a matrix of carbonate of lime. 

The silver in this vein is found in thio leaves, between the lamin^is or 
joiqts of the cry ttallized spar, indicating that it was deposited subsequent 
to the filling of the vein. 1^ • 

At the Minnesota mine it is not unusual to find spongiform copper ad- 
hering to the walls, which would seem to indicate that copper was the 
fifst substance deposited in (the fissure; Again we find it deposited in 
thin plates between the joints of tha crystaHized quart*,* which would iri-» 
dHcate that the latter was deposited subsequent to the farmer. We hdve 
before us a specimen from this mine, consisting of native copper, native 
silver, crystalliased quartz,: and carbonate of lime, (calc-s^ar.) The copper 
and silver are distinct, and appear to be chemically pure. The form of 
the crystals of quartz is impressed on* thesilver s^d copper, and in the 
body of the crystals there is no trace of a metallic substance. The tiic* 
spar, however, conforms to the silver and copper, both of these metals be* 
Ing disseminated' through it. The. silver occurs in imperfect octohedra ot 
the size of a pea. 

This arrangement troiild iseem to indicate the foUcnving order in thede- 
|)osition of the materials: 1. Quartz ; 2. Copper and silver; 3. Calc-'Spar: 

At the Cliff and North American ' mines perfect crystals of co'pper occur 
only in the cavities of the matrix; when in contact with quartz, it taken 
the form of this substance. 

The inference from these facts is, that some of the earthy materials con- 
stituting the veinstone were deposited prior to thd copper and silver, while 
others were- subsequent in their deposition. 

The silver is generally found to occupy a certain position in the lode. 
Thus, at the Copper Falls mine, it is most abundant nfear the juncti<m of 
the trap and conglomerate on the north; at the Cliff mine, near the jutic- 
tion of the crystalline greenstone and granular trap. Although silver is 
intittiatiely associated With (he copper, yet it does not .occur in suificient 
quantity to justify the expenseof separating the two metals. The lodes are 
frequently brecciated the angular fragn^ents evidently Haviflg been de- 
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rmA £K>m#iei9d]^»t ^walb-HKidii tmi'm^t .9bfU.«ri^Qt 4Am»?v^ the points. 

where the fissure is nearly closed. 

M^de ^;/5>rvw«ivi.--tIfevirig elKjeavoreid to /set forth, tb«.princi|Jal pte- 
nciiaeaa of th^ veins of th^ l4ake Superior di«<*ict, iwe ptopose to advert to ' 
the priuoipal tldieoilies wbi^h havol^o^n ^ywoed to eicplain th/e method 
by M^hich ithe pJK><?i$s9 of filling hfti? been acc5Qa3ipiished. » 

Native copper is often found in veins aboupdiijg in sulphW0ts,b«t. un- 
der circumstaniies v«ry different from what are observed- in the Lake Su- 
perior district. Its presence h thAs dasmbed and eixptainod by De 14* 
Beche** Ben€«ilih the gos^^n, wbi<th rQ^ults from pdecomposilion of lh« 
ogne^.we obs^rtve ^appearances strongly iBeiinindiugilSvt)f the cowimon .electuo- 
type process for. prowring Qopp^r ftom a solution of sulphate of copper* 
The pure m^talis ^thegred together in chinks and catties between the 
iftgiu moss of.gosQwwad the body of -the qndecoAiposed copper pyrites, 
mingling pearhaps wiDh tbe, lower partof;the fornier. Sometimes this na-. 
live popper, as. it is oajled, i^aay retain its metallic chara(5ter; but at others 
it becomes eouverted ipto ^n oxide, and this $igain into a carbonate, by, 
the percolation of waters containing common air and carbonic acid. ► 

Jt is piobfthle ithartbe sulphiilr, by a uwion with the n^dful oxygen, be- 
Q9.i|ke ^^Iptfeurie iicid>,$nd.tha,t^tbi«( loirmed) the copper was attsfcked and: 
removed, to be dealt with like any other solution of the,sulphate<)fcoppei?4. 

Thrive »the0iies bave been suggested to aecQunt for the fiiling of veins: 

1st. Tha^t ithe foreign ;matter h^s been ii^jeettod in a mplien state, aUd 
afterwards sjpwly crystallized. • / 

'•8d. Tbat'^the vol«ttili3 matters haverbeen ^otvily sublimed :fi!biH below 
by rhaat, and condensed upon theiwalk of (be Assure. 

;3d. 'That the matedals wejre onoe held i in ja^uebue solution^ and pee* 

cipitated by eleatro-fiheinioal agency .t 

' .1, /i{/^c<iw.*^WefCnnhaTdlyconc«i^<^ it pqsiiibte that:the copper, in a 
fluid 3t^te, heisbeenilbmed upfixunbplQwlikeidikM porphyry or gxeen* 
8t<me. It is veil known .thftt, in tmany of the loftiest volcanoes, the col- 
umn :of lav& do^ not riffei (to 4he lip of the cxater, bnt breaks through itbe 
sidesof the mountain.! tin.elastic.force sufficient to raise a fluid mass of 
thi^ee times the density ofilava would shatter the .enclosfing w^tlls, ^nd 
foGce the copper into <the fipureis. If this .Were its origin, we ought tfk 
find it occupying the depressione* in . tb^ . isur&co nocks- ia the vieioity of 
the fissures, like modern lava currents. - 

iWe ifind the copper inventing various crystsflligcd minerals, and.every 
iwkve and stria iOfltfae .pre-ep»ting c^stals is faithfiilly represented. l| 
is? impossible, by any. artificial .method, to cast'any metal so as to exhibit 
mutiti minuite lipies. They are las delicate ^and faithful as could ibe oV 
tained by the electrotype. • : 

• 'Again, ther as^ocdatedjibinemle do not exhibit the effects of a high tem- 
jpemtuxe. These eppsist. of zeolites, which yield potash, soda, and linie^ 
and hold a large percentage of water of combination, ^nd of carbonate of 

. ■ ' ' ' ' . ■ m ■ • ' ' 

~ I AidhiinilityAIaiiTiaJytitle! Mineralogy. ' ' . ^^ 

i^h^ tkose ¥6iiiii ivhich.are widest near, tl^e .flurface, and gradually contract in their downward 
^rcfgs^sp, th^ f<»i^^i^^tnatter has ^en up^o^^tedliy introfluced fr^m fijbove; «od )Q?enin td^cMt 
jeins which increase in ^wrdth as they (^escend^ occa^iooaU f^l^i^nts deri?ied fcom the 9lf rfi^ 
have been met with. Thus Carne states that, at the Relistrari mine, Cornwall, quartz pehwes, 
.cemented by oside of tin and bisulphuret of copper, h'ave been fpund at thjp depth of '60.d feet m a 
.(iB,l9dfi. :T^.blfcktOZi)d«T^inat,Cpi]|perHaffb9rM^ng8^t^^ ' 
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Bgaiesjf&ic.y^^ll of which maybe supposed to iianpe-vesultedfrohi the' 
preaipit&ti6n.tiftiqiteoii9 soluticmsy rather tbanftom KisiDn amder pseskuei 

jigam^-if the'OO0teintsiof the* v«iii3 were the resuh of injection ^ their 
prpdaGUTenees wmAd be unafTected in their posM^ tipzai^h difiebect 
minerid planes, i 

Lasdy, cofper and AilverxM)inbiiie in indefinite pmportions^ fonhiag 'a 
homogeneous compound; and yet we find them existioofg side by side al- 
most chemically pure. Admitting tSiat they once formed a hoiiiageiieous 
ofiHipound, it is treasonable to infer that theyibave been separated fay eieo^ 
tro-chemical agency. 

'2« (€kMimation.^'^his theory ^ei^ains som.e of 4be ipheaoisena of 
miiieral . reins triiich the poeoeding thctpiy does not. Thsm, ia 'flome' 
veins, crystals of ^earthy miateriais iiae the wails, whose /under auff&ces' 
asefsmdded 'Withi^minutemetaUio particles, while the /upper surfeoesaiio 
^taiteisnaKK)^. 

4. 'Iron gflat)^ is formed i^t^this day in^ (fissures on the iiikavginsiof rdne^prar. 
'lers of Vesuvius and Strouiboli. The ^volatile particlesiane faised> JDy heat^ 
and oond^ueed.oia the eides of the fissure in crystdllijsed' forms, ^he 
parallel arrangement of the .different materials on the ^td«8 of' the veto 
maiyialso be explained 'by this hypothesis; The arlMaial production of 
various orystaks^-^sucb as feldspar, bevnblendey4aiioa,and*magneliG.4»xide 
of iron, found in the ^lags of ifurnaoes, and of /garnets, iiubies^ddo^^taae^ 
and olivine, formi3fiin( the laboratory of the dhemist^-^iaTe aL30)been jrelied 
en as affording rflirect evidence of '«iUiqEi!articu 

The minerals' thus, artificially ^roduoedv however^ ibeiong' 'to ^daSetent \ 
class firooi those iwhicb accompany the ^native ooppes. i^ 

1%is hypothesis does not explain • the 6hang«8 which'Wieiehibited by 
veins traversiii^ different rocjcs, nor :the s«bstitu|ion of di^rent inetateiii 
the> same vein, chenMcally distinct. 

The fact that coppery silver, and kad have been found dQposiie4bir4im« 
t»eai^«nd leaves ' in some of > the - long^ abandoned nunes < of ^ kumpe i proves 
ikat beatas Dot.^ihe only .solvent >power by <which these 'inetah may ^he 
made to assume new forms. . j • 1 • 

' 3. We^tO'6he9ni(ud^gmcy. — There is but little doubt >tbat magnetic 
cnrr^ateare in a'cenlimtalistate of tslow but regular •chwge,;sweeping 
lotti^ liie two Mmiepheres. Ampere was the first to announce'lhatthese 
currents traversed the earth from east to west; and others bave aipplted 
tfaemiin eacj^anation of the* chemical changes which have itaken place in 
lodes^ during the process of their fermation. 

The observations of Mr; Robert -Were :Fos:,an thePhilosopbioal Transs- 
aetions^aud the Preeeedings of the Geological Society of -Cornwefliy upon 
the ekctro^magnetic properties of veins, a^ of Bisoquefel, dn-his ^^lltraite 
4e I'^EIectirieite," upon the artificial production «f crystallised -inseiuble 
mnopoundsi of copper, lead, i and lime, throw ligtit upon-eneiof Jtfaeob^ 
sourest pages in tti^ history of the earth; yet it must be confessed riiiat 
these experiments have not revealed all that was 'anticipated at the time 
of their promulgation. M.Becquereb shows that, by the long coafinued 
action of weak electrical currents, many^^ciyslalUzed 'imbtanees hitherto 
fi>and only in nature maj^be artificially obtained. 

Mr. Fox, by placing copper wires against two portions of a lode, or of 
two lodes divided by a cross-course^ and connecting the wires with a gal- 
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Yasometer, was enabled io detect a^ current of electtkky. The iieedld' 
was observed to deviate in some cases to such an extent that it was im* ■ 
possible to note the deflection. In nearly all of the miDeral veins of 
Cornwall he was enabled to detect tbeise currents, but in Teesdale the 
results of his experiments were negative. He was successful in procu* 
ring an electrotype copy of an engraved plate, by a current. collected fiooL 
two lodes of iron and of copper pyrites, and also in induciag magnetisia 
in a bar af soft iron. 

; Proiessor Reich detected very decided currents in the lead and silver; 
veins near Freyburg; but Von Strombeck on the other hand, cotld obtaia. 
no results in the copper and lead lodes of the Rhine. . 

Mr. Robert Hunt made also numerous experiments in the mines of 
Cornwall,, and. almost invariably obtained indications of electricity — in- 
ane case so powerful that electrotchemical decomposition was produced*^ 
He also examined these currents in reference to their connexion with the 
genial currents which traverse the earth, according to the theory oC 
Ampere, and was induced to conclude that they were local, and due to 
the chemical action going on in the lode itself. They were often foundr* 
to traverse the lode contrary to the general currents which sweep round, 
the earth,* and oilen,at right angles to them. 

He interred that these4ocal currents had had a^ powerful effect upon the 
masses of matter exposed to their influence, although the formatio&of veint 
might not originally have been due to their agency. ; » 

. The amount of muriate of soda (common salt) which he had found 
in the waters of many of the deep mines of Cornwall, eijuaUing^in some^ 
eases nine hundred and fifty igmins in a cubic foot, had, in his opinion, 
acted powerfully in inducing, chemical changes in the lode,* ' > 

The existence of two metals side by side, like copper arid silver, each 
chemically pure, and capable of being alloyed in any jH^oportions; ifhe 
accumulation .of the latter near the cross^courses, or -at the junction of two 
mineral planes; the changes in the metallic contents of lodes in their pas- 
sage through different rocks; and the panallel arrangement of the eatffajit 
gangues,— ^all seem to indicate the existence of electrical cuneiits during tljie 
period of their formation. . , t 

It is to mag^etiem--^ fiigericy subtle, but universal and all-powerful, 
pervading every particle of matter^ and operating unceasingly — that we are 
Ao look for an interpretation of many of the obscurest p&ssages. in tb^ 
his t(Mry of the earth. ; i 

. To use the l)eautiful figure of Humboldt; "That which forrn^ the in? 
visible but living weapon of the electric eel; that which, .awakened bjt 
•the contact, of moist dissimilar particles, circulates through all the organs 
of |4ants and animals^ that which, flashing ftiOmtbe tlmndertcloud, ik 
lumines the .broad canopy of the sky; that which draws iron to. iron,, and 
directs the silently-recurring march of the guiding-«eedle,T-all, Uke.tto 
^avesai hues of the divided ray of lightj ^ow from one source, and all 
.blend again together in one perpetual, every where-diffosed force. "f 

■ l i lt - ' T ! ■■■« !■ ■ ■ I ■ ■ ■ ■ i < I I ■ ■ I . ,« , , I , a ■ ^ p I ,^ . . . . .. I , I I . 1 ■ I ■ 

, * Lecture, oo the electricity of mineral yeiivi, before the Royal loatitut^en^ L^ndoa. 
t Assets of JD^ftture» vol. X, art. 1. 
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CHAPTER VIL 

« 

ITBTAUURGr , 

/ 
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t^vrity of Lake Superior native copper compar:fid with refiw^d-eopper from 
various smeOing-works. — Specifie gravity.-^ Occurrence of silver in con- 
nexion with ii.'-^Method (^ separatimi. — lAquition. — Jimaiga$iMUioH^^^ 
Mechanical sqwatien^ 

The term metcAlurs^ is applied to the art of Bxtracting the vanous use- 
ful metals ftom their ores, so ^s to famish them to the manufacturer and 
•consumer in such a state of purity as may be required in the various uses 
to which they are applied in the arts. 

The processes by which copper is reduced from its combination with iron 
tad sulphur in the ore, frdm which the greater portion of that metal is ex- 
tracted, are long and tedious; nor is the skill of the smelter sufficient to 
Separate the copper rn a perfect state of purity and freedom from other 
metals which impair its value. On the contrary, the copper of commerce 
tx)ntains considerable quantities of iron, lead, nickel, and other metals, as 
Is shown by the following analyses of refined copper from various dis- 
tricts: 

1. II. III. 

€opper - - * - -SSidSS 98.251 

Iron " . - -. • .055 .131 O.IT 

Nickel" . - • - • - .236 

Lead - - - ' - -751 1.092^ 

Silver ... - . .226 .135 

Pota&sfum - - - - .116 - O.SS 

Magnesium ... .0333 * • 

Aluminium '- . - ' ' - .021 .048 

Silicium .048 ' ♦ 



100.00 100.00 



No. I is Swedish copper. , 

\ Nd. II is Mansfeld copper, analyzed by V. Kobell. * 
' No. Ill is Swiss 'co'pper, analyzed by Berthier. 

." Native Copper from Brazil, having a specific gravity of 8^.962,' contaiafli' 
iron, 0.17; calcium, 0.38; magnesium, 0.33. 

Japanese coppei* is said to be perfectly pure; als<^the native copper feom 
the Siberian mineis, according to G. Ros*. " 

The native copper from the Lake 'Superior mines may be consideied' to 
Tt)e chemically pure. It dissolves in pi'ire nitric acid wiihout leaving a- 
trace ofresiduurti; it gives no precipitate when the nitric acid solution^ Ls 
heated with ammonia; neither on theaddiiion of chloro-hydric acid., ^t 
dissolves to a clear solution in concentrated tSulphuric acid when heated; 
it contains no trace oi arsenic or other volatile metal. This is the result 
ot the examination of several specimens of copper from the Phoenix, Clif!, 
and Minnesota mines . A piece of copper from the last-named mine^ sawn 
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with care ftora a perfectly pure and solid mass, tiras fottnd to have the 
specific gravity of 8.838. The density of, pure copper is given .by dit 
ferent authors as follows: 

Peligot and Fremy, pure fused copper ... - 8.78 

Berzelius, u ci . . . . . 8.83 

ScheererandMarchand/' " . . . . 8.921 

$^Qbi6eri3r and Ma{charid> oojj^^ «k . . 8.95!^ 

it has been asserted that some of the native eojiper €0»tBn» a snalL 
pof tien ^f ^silver aHayed^ with it. This may be the case^ \m% we hat«^ act 
found any silver in the specimens which we b»fe exomttisd, when no 
p^^cle;s of thfttta^taj w-eze visible. ia the mass. 

The method of occu.rrqnoe o{ ih& native silver in eonnp-xien with tbn 
copper ip thi? Lake Superior region is, one of the most novel and striking 
features in the distribution of the me^tiajlic riches of that, district. Native 
i^ver occurs by no meqin^g upfreqiiently^ at vi^rious. points of the tiap 
r^nge^ from one exti:emity of the disjlrict to the otheiy. It has, however^ 
been fi>uad in the greatestquwtky at the/Phoamx^ Cliff, Copper Fall?^ 
^n4 M^iunesota mines; the largest, specimen hitherto obtained was taken 
fcom the workings of the Phoeuix. (forjaaerly Lake Superior) Company ^g 
mine. It was a rolled, detached lump, perfectly, pwie, which weighed 
Q\^er six pounds, and is now in the collection of the mint at Philaclel^i?if 
This mass was found in a large excavation or pot-hole worn by tlie acr 
tion of the stream in passing over the course of the vein, and filled 
with the debris af the vein and the adjoining rocks, and numerous masses 
of qopper and silver derivedfrom the ruins of the veinstone. Several 
thousanddoU^rs'.worth of the latter metal were taken from this hole, t^, 
the various excavations on this location, numerous specimens of silver 
associated witJi <?opper have b«en obtained, both in the vein, where th^ 
g^newUy occur.associated with pfehnite, and m the adiiacent rock, eithei' 
in bunches and strings, or somi^times in almost invisible particles. 

A specimen of- native silver from the Minnesota mine was ibund to 
contain no other foreign substance than a trace of copper. A specimea 
fipm the old Lake Superioif Company's mine contained no copper, but a 
small quantity of iron. 

The silver and oopper do pot, however, in general, occur alloyed with 
each pther, as would naturally be supposed on the theory that they have 
been forced up together in a state of fusion from. the heated interior ot 
the earth. The silver; i|5 sseatnered^throuj^ the metallic copper 'm such a 
manner that each metal remains entirely free from alloy with the other, 
although the juJisction of the two at their edges is a perfect one. The. sil- 
ver is often interspersed in the mass of copper, so as to form a species of 
porphyry, the &txxi&f^ metal occurieg in small, patche^^. and particles per- 
fectly soldered to the enclosing mass of copper, yet, chemically speakr 
ing, wtireLy distinct from it. The native silver seems to occur especially 
ia conne^Qjjb with a soft greenish magnesiaa mineral, also with cajcr 
spar andprehnite, arid has never, so far as wpkuow, been found distinptly 
crystallized, as the copper often ds. 

. The pnly question of any practical di^Squlty in regard to the metallurgib 
treatmerit of tha Lake Superior coppey is that of ui^.occunence of uj^ 
native silver in connexion with the copper. 

If there should ^be a large amount of silver found finely intermixed 
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With iht tbpi^ij so that ft couia not be mechanically sepai^ted, it 
%ould 1)e ittiik)f (Ant to detid^ hoir the two metals cotild be se-paitaled in the 
most fjcorioTttteal mtanneir, and hoxiir sniaU a percentage of sllirei^ conld be 
^bnomksiiy xvtorked. If the petcbritdij»e of silver in the feopper is large, 
a separation pf the two metals pan be effected by thcf use of acids in the 
mimM W«iy. The soncalled ^^a:q^a,regia'^ was mrany years sitice used 
fey fieir, in England, Sk sej^^ratlng metallic silver from coppfei*; It tfoii- 
sistsof at imxttfre df cf6ncertttat0d sulphuric and riitric Adds, GtM of vitriol , 
ioixed ^tfe ohOrten* its weight 6( sal tpetrd. By this reAgent tH^ silver ii 
dissolved, aacid the copper oiily Very slightly acted on. 

In the^ Reparation of silttef from Oopper, when both the o^rcs of these 
tneialii occUr in coinibination, in the Hai^, the nfiethod called Equation is 
tefesort^d to. Jn this o^taiion the argentiferous copper, whi<ih may contain as 
lo# ais 0^W)16p^r eeiit. of silver, is fiis(fed, in the stBfteofbftbfc copper, with 
betniireen two attd! thrtee tiriie(s its weight of leaid and liffiafrge, «rnd cast into 
large flat disks, which are then ready for the liquation furnace. In thd 
tj^afehent by this furnace the lead containing the silver "flows ojf into the 
wefl in^ front of thte' hearth , whence it is taken with ladles afjd cast into* 
ingots. The silver is then separated froth the lead by cupellattofi. 

At TsSrfoya, ipthe BatinM, the silver contSiined in the Mack copper is 
separated by amalgamation. The ores are principally argentifelrous mispi- 
ekel iniiKed with copper pyrites. The* black copper obtained by threef 
separate processes oi fusion, contains* from 80 to 90 per cent, of copper, 
with frona 0.0013? to Q.00375 per cent, of ^Iver. 

This is heated to flie highest p6iht possible without its fusitig, and 
then pfcilTerized by stamps. The pulverized substance is then mixed 
witfc 10 per cent, of comtnon sdit and i little stilphuret of iron, and heated 
iii the reverberatory furnace. The resulting chloride of silver is then 
aUnsilgstmatied with mercury, by means of a siiitable appatiatus — therefduc- 
tiohof the silver being efifected by copper, which at the same time convertiS 
the small portiohof chloride of copper which had been formed in the pro- 
cess of cMoruration into bichloride of copper. . The amalgam is then dis- 
tilted', so that tto mercury is lost in the operation; and' the copper is fused 
abidifefined. 

l)^' 'to" tlfe pfresfeht time, the qi^ahtitjr of silver occurring ^ith the 
Wpper'iii tb6 Lake Su'perior regioli has riot b^en* suffici tot to render it 
ifrbrth while to erect the ftirnajftes and make the requiVed outla:y for sepa- 
rating these ^wo met^s; but, should the number of mines be much irf- 
ekfeawTO, arid the qu&nti ty of silver obtained be considerable, ii will be ex- 
j^iftit ^o' make suitable preparation for separating tHi^ 'irietal. At present, , 
iSct't<ife Oliff mine, the particles of silver which are so flattened* by th6 
{Stamps as to be easily seen, are separated by hand, tUt coarse metal frorfi 
tbe stamps being picked over with car6 for thfeid^urpose. T^e silver oc- 
'diititig oiily occ$$iohaHy, and tii'en often in masses of considerable size, 
iHetS Mtn be Tab doubt that a very considerable amount is purloined by 
ihb' niiners^, virfeo seem to consider the silver found in the v^in ds their 
pifeperty. 

The ^mall quantity of silver which may Remain wifh the copper be- 
come, m the •peratiou of smelting, alloyed with if ^ aird urid<!)ubtedly 
improves the quality of the metal. 

Takmginto view what has already been said in the precediiig chapters 
bh the occurrence of the copper in the mines of Lake Superior^ it is ,evi- 
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dent that the practical-questions involved in <he working of this region are 
ex<;ee(Jiagly simple, and that, few mining districts occur where mines 
can be opened with such facility, and their products convened into 
money with so little outlay of capital or skill in their metaUurgic treat- 
ipent^ , ' 

The greater portion of the copper produced in the wprid is obtained 
from the combinations of that metal with sulphur, and principally from 
th*5 ore<5ommonly called copper pyrites, oi sulphuret of copper a^d iron. 
In addition to the mechanical preparationof such ores^ they require a long 
and complicated process to free, the copper from the accompanying foreign 
substances, the theory of which may be thus briefly summed up; 

1. FHrst roasting or calcinatio7i. — This process i^ performed either ilv 
peculiar furnaces or in roasting pits or heaps. By it the greater portion of 
the sulphur is oxidized; the metals are converted into basic sulphates, ' 
which remain mixed with the portions of the ore which have escaped tei- 
dation. ' 

2. FHrst fusion or melting for coarse metal, — Silicious substances are 
added, if necessary, in sufficient quantity to take up the iron, which 
combines it together, to form silica of the protoxide of iron, making a 
iiisiWe slag; the sulphuric - acid is reduced to sulphur, and the oxide of 
copper to copper, ana sulphuret of copper is formed. The heavy combi- 
nation of feulphur and copper sinks to the bottom of the furnace, while 
the light slag floats, on the surface. This sqlphuret of copper still coa- 
tains considerable sulphuret of iron, . 

3. Second roasting or calcinatio7i of coarse mc/ai[.— -The mass obtained 
by the last process is now broken up, and again roasted for several weeks 
in peculiar furnaces^ The object of this, operation is to oxidize the copper. 

, 4, Second fv^on, — The ore, is again fused, with the addition of sili* 
cious substances, if necessary — the object of which treatment is to take up 
the portion of iron which still remains. The copper obtained by this 
process still contains many iinpurities: it is called black metaL 

6. JS^nfwg*,— The copper is fused and, subjected to a process by whiclj 
the foreign metals present in it are oxidized, and form a crust on the sur,. 
face of the fused mass, which is constantly skiitimed oflT. The copper is 
treated in this way till.it acquires the properties of the pure raetal^ when the 
operation is suspended. It is ihen cast in ingots, or cooled upon the surr 
face by throwing on water, and removed in successive flat masses, c|illea 
rosettes. 

This is the general description of the processes by which the ores are 

treated, though the details vary much in difierent countries and under 

different circumstances. The number of distinct processcjs which the 

ore undergoes in the great smelting establishments of »Sws\nsea is at least 

' ten, which are entirely distinct from each other. 

The sulphurets of copper there require a Jpng and expensive process foir 
smelting — ^a process which demands, the, highest metaJlurgic skill, and a 
lai-ge amount of capital. Eight companies have the control of the great 
Welsh furnaces, where so large a portion of the copper used throughout 
the world is smelted. < . * 

The question ariseis then, Are the sulj^urets oif copper destined to forn^ 
an important part 6f the production of the Lake ^Superior mines? 

The .occurrence of the sulphurets of copper in the Lake Superior region 
is by no means a very uncommon fact. Two ^localities have furnisheji 
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^toiHid fi>r mining operations — one of whl6h has h^en entirely abandoned^ 
the other is temporarily snspendcjd^ though it is believed that the mine. is 
not considered by the proprietors as entirely proved. Thet)reJn each of 
these cases is tnostly the Wack sufphnret. The yellow ore is found vk 
eomparatively small quantity, associated with thie variegated. We do 
tiot believe that appearances thus far indicate that any ore of copper exists 
in the Lake Superior region in sufficier>t quantity to be worthy of being 
worked. W^ have, therefore, a comparatively simple task to discuss thfe 
metaliwrgy proper of this district, since nature furnishes us Mwth the pure 
metal, associated with easily-fused veinstones, from which it can be sep- 
arated by thfe simplest of processes— ftision. 

^ The native copper is considered by the miriers as coming under three 
distinct heads, according to its state of subdivision in the rock, and the 
«ize of the pieces of the metal. They are as follows: 

ist. Mas3. 

2d. Barrel- work. 

3d. Stamp- work. 

1. Mass.— la stopeing, when a large ffheet of copper occurs in the 
win, the rock is removed from or*e side of it, and it is thrown down by 
meians of a sand-blast, ahd thus lies or stands upon the bottom pf the level 
or dfift. Masses have been detached froth th*^ vein whidh were esti- 
triat^ to wHgh'60 or 70 tons, mostly of solid copper, in an irregular, fl:at- 
tened, tabular shape, now expanding to a width of from 2' to 3 feet, and 
"ttien' contracting to a few inches, but fBrrlfily united. Of course, such a 
muss is too large to be moved in the level or raised to the surface, aiid 
it is of importance that as little of the process of subdivision as pos- 
sible should be done under ground, sinde the operation, which must 
necesSarriy last a long time, impedes the work in the mine, and is les»s 
Conveniently executed in a narrow, confined space, where easy access 
cannot be had to the ntass on all sides, and where it cannot be readily 
moved. The use of powerful machinery and tackle for elevating 
masses of several tons* weight will be gradually introduced, when their 
occurrerice may be reckoned upon as forming a considerable part of the 
value of the mine, Tlie process of dividing the masses, at present, 
is as follows, and is the same whether above and below thp surface: 
A groove or channel is cut diagonally, at a convenient poitit, wherc 
thfe copper is as pure as possible, aiid the thickness comparatively 
smdll, x^^hich is carried througli the mass till it is separated into two 
5)airts. 'To effect this, one person holds a chisel, the cutting- edge 
of which is about three-fourths of an inch in width, and of varying 
iengCh, according to the thicKnees of the mass to be divided; another per- 
son strikes with a heavy sledge, and at each blow the chisel is sunk into 
the'grodve and moVed 1aterAll5'' so as to prevent its becoming wedged, 
until at last a chip pf copper is tak^n out several inches in length. A 
Tep^Cition of' this process at length completely severs the metallic mass. 
If Ih^ coppei* be perfectly pure, th^ operation prpoeeds .rapidly and 
"regularly; but when quarizose matter is to be traversed by the chisel, 
Ihe labor is more tedious, !and requires greater care. The cost of this 
operation is from $6 to ^T per square foot of snrfece cut through. No 
other process thaii this, tedious an4 expensive as it'mfty seem to be, 
?ias yet been iresorted to lor dividing the masses. If th<ft blocks trere of 
pure copper^ and not liable to contain bauds and nodules of silicious mai- 
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iexy it is p^li^abte 4ibfkt a m^ohjuaie wfiit be cQntaanA fer p^s^i^ipg t^i^r 

Qpevatioa by a Kind of saw^ <^riven b)^ ^si^^m-pQlrQf ^ soinewJiat ^i^il^r ^ 
that Qsed in ^i vising railroad bars. Taking into eomidefati^^ bowerer^ 
:lbe dii£i:uHy just nientioBed; it ^ew dpi^foi ii^h^tibuiir p.^^ m^e 0C€»' 
nomical or efficacious means can be contrived tbwa that ^lyob ^ a)se4d$' 
in use. It has be^en suggested that fiision of tbe ma^s^ n%ht bee^t^c^ed^ 
-so as to divide them in that manner; brut the fact tbirt ec??pper \^ ^' 
•good a conduQtortbat it would be impossible to confine the.^ect of tb,e 
heat to a tioiited spape and obtain a^ tepiperature bigh^iioQgb u> im^\\Ge 
fusion at a p^ticulajr point seems to tenses any such isaethod ioappU^^M?^ 

The greatest thickness of a solid ii^s of chopper, without seam or hm^^ 
^^bservefl by iJ3,.was two feet four inches. This was jat the Cliff mine. 
At the Minnesota, there appeared to be 9 solid no^ss in ihe vein^ at iea^ 
five feet in thickness. « . 

When the masses have been brought to the surfeice, they are SitiH fijrt^er 
subdivided, if necessary, into blocks varying firom Q^e tp t^jo toi|i5 in 
weight — such as may be conveniently transported to th^I^ke, whence tijey 
ate shijq^ed to iijiarket. The Boston and Pit^sbprg (Cliff ) Con^pany hpve 
erected a fijiruj^ce at Pitt$burg for fusing these masses-r-U),ejCleteiis of wbiph> 
•however, the trustees do not allow to be m?Mle public. There is no imrvp- 
tical diffij^ulty wha^ver in the w^y of obtaining the cp|)tper at o^/ce per^ec1iy 
pure. The veinstone consists geners^liy of fusible niinegrftle, st^ch ^ 
|««hnit0 ^nd the zeolitic mij[ieraJs,jorof quartz and.c]^c?gfeo^^:spftr, wbic)i 
.flow re^ily together. In the repprt of the tri*ste^ of ^e Fitteburg' Qp^ 
|)afny thfe per centage of the ms^ss is estin^^ted al ^0 of pure qopper ijn iOP- 

2, Barrel'%&arkf —^This is the naipae given at tfajC Lake i^u potior, mifie^ 
to the smaller masses of cepper, which are too large to go und^rthe staqc^ps^ 
;and too small to be shipped separately. It iiicludjef» masses of cop* 
per in bunches and string-like forms, wbicb aire firmly bovin!d tpgetheir 
with a gJEeatea? or Ic^p Wionnt of the ^veinstone, and weighing frpnfi ^^w 
pounds up to sevesal ;hundred. These smalloir masses are piclfed ou^ 
fi'om the matter raised to the surface, and dressed by the banmac^, so.as to 
.frj9e them, as no^uOh as possible, frqm the adhering rocik or veinstone. 

, They are. then barrelled up in stout c^sks, which hold fiiona ^veto^jgbl 
•htmdred pounds of m^tal androek. These are smelted by ,th,e Pittsburg 
Company > with the larger amasses* The barrel-work at the Cliff nuq^ 
is estimajted at 60 per cent, of pu?e copper. 

' The proportion of barrel- work to star&p-wprk fuxnished by the QUff 
mine will be s^en by reference to the tabje g^ppended to tl\e accoi^nt of 
that mine, ufndcr, the head of *' Mines and Mining." 

3. Siamp'iffork' — This includes all ^ the vein^tooiie with lueM^Uio ctpfi- 
per in sui£cient quantity to allow of iti^ being separated by the pixx^ii^ 
of washing after the stamping. The limit of the Quantity ^f coppescqi);* 
tained in the rock which jaciay be profitably stamped and wftstoed, we 
cannot yet fitiic with cerlainty. This depends on a vajjety of cirouoo- 
rslancef : as, for instaiice, the price of labor, the efoi^on^ical arra^ngjeipent 
of the worlis above ground, and; esipeciaUy,;the con^UQjtion of t^e wa^ 
ing appwaijus. The grea,t difference in the specific. g|ra.vity of the vein- 
stone ind the metallic copper— thefermer being froqi2.7 to,3.5,.th/9 l^t^ 
nearly 9^— renders 4 perfect separation of the two very, e^i^y^ and J^equires^ 
a much less complicated and scientific arjraipigen^tit of tb^ macl^nery 
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ttitein titowKoattB yMbre the ore is only a Uttl64)^»vier &an the gangue. 
Of OMMSQy as the a^nnlrjr become^ lsettled>and the jtfiee ^f labox mlls^ 
anA fieRter. wMkait m . introduce^ dnto the works, a rodk containing 
9^0nMm per itenta^'df eopper ma]| fe profitably worUedl. 
. S^few tAe rook is. sttinped, it is b ^cessary that it sHlould he roasted, in 
i^tlfflr jth^kl :th0 ifeinsCoaAy especially jtlje quartz, may bi^ HeitK^red friable, 
^.ithstit.my madaly yiicid jt^-tWblo lwo of the -staaapa. iCke roasting is 
4^Qted aa Ihe opeic ait. l^h t^pck; cjisinictiring the copper i^ arranged in 
|iltei9a|e ^|^«eti trith.'biUets ofCwc^oJdvand then &0d, and allowed to 
jwettld^rfor^fodyHsight hours, ^e lieat should not be carried suffi- 
(^imiliy £ir.lo<««u«e ioy portion of <he copper to be fuliec)- ^f necessary, 
yi^alln ma^F be ^hsd ii*p6n the heap iwhile still hot, t6 aid in destroying 
Ijjbft <^ahesMeia betwei9ti i\k^ particles bi the rock. 

, Thi^iprieeol fii^lid flM>.low that this method will: uudobtedly be ena!- 
l,:aldM»gh a aiofft/econonnesil bne might probably be devised. 
• • Wg.at A^ftf^aving been calcitted, the ores are 

taken to the stamping-mill. Thiscon- 
sists of seVieral pestles of wood in a ver- 
tical position, to which heads of iron^ 
weighing 209 pounds or more, are at- 
tached. A cylindrical axle revolves hori- 
zontally, and is armed with cams, which, 
acting s«cGessi vely , catch into the should- 
eris €$ the pestles and raise ^em to th^ 
r^nir^ hi^%bt, whea they, are .disen- 
,gjQged and lall into an oUong. cast iro^^ 
troilgh , wfaii&k is fed with ore &om a ho^ 
peff above i Thi^ee or four p^tlegf com^ 
poieabatii^ryya^d sev6a:'ai battearies ar^ 
usually employed in a stamping-mill. 
Figures 36 and 37 represent the arrange- 
ment and form of the stamps used at the 
Cliff mine —the former being a front view 
of a single battery with four pestles, 
whilafigiu:^ 37 is a section showing the 
manner in which the ore and water aie 
'inti?oduGed. 

An attempt was made at the Cliff mine 
to stamp the ore dry, and also at the Lak)^ 
Superior Company's works to pulverize it 
l^jT ^ pair>0i crxishing-wheeisf; but it is satisfactorily demonstrated that 
|]^. Lake .Supeiiar <W9 can be stamped only by the aid of water. 

4iiiBx ^Vm^^ifi^f comes..the muoh more^ difficult process of washing thii 
9)90t%l &oii» pulvena€d roek, so that every p^ti^le may be separajted with- 
*«uti \q^^ As the pr^s^i; methods of washing practised on the lake are 
v^ryhnper&ct> we add an account of the most approved machinery for 
ito i^po^e us€tfi ia the French and German mines. 
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The RMStsimpIe metlioil 
of washing is by a^tatins 
tb« metslliferotM sand- in 
a bucket, by hwid, itn- 
pteting to it a rotatory iho- 
tion, so that tbe lighter 
2 particles: of earthy matter 
may be thrown over the 
top, white the heavier oned 
containing the valuable 
met^ or ere sink to the 
bottom of the vesseK 
Washing can bevwy per- 
fectly performed in this 
w»y with sufficient care; 
and, gimf^as the method 
is, it is one which is ex- 
t^isivfily Bsed ia the wash- 
ing of aariferous sands. 
The same thing can, how- 
ever, be e^cted much 
more economically by va- 
rious mechanical contri- 
Vances, sach as percussion and sleeping^tables. 

■ The water as it issues from under the stamps is made to circulate 
through a system of canals called a labyrinth, carrying with it the pul- 
TeriEed ore whirfi is disfribuled at points more or less remote, de- 
pendent on the size and specific gravity of the particles. (See figure 38 
. Which Jepresents the most approved form of this apparatus.) In these 
Fig. 38. troughs the metallic parti- 

cles are deposited ia con- 
stantly decreasing quan- 
tity fiim the end nearest 
the stamps to the place of 
exit, where the earthypar- 
tjcles are carried out de- 
jwived of all the ore wi^ 
which they had been jxe- 
viously interAiixed. 

The same thing may be 
effected by tbe operation 
called riddling, or -jigginf 
— an operation which is 
performed princmally on 
the rubbish produced in 
breaking the ores. This 
may bedone by hand em-, 
ph)ying a kind of sieve 
or riddl^, the bottom of 
which is covered by a plate of metal pierced with holes, which is jerked 
mp and down^ with a partially rotatory movanent, in a cistern of water. 
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The irater enters the orifices and holds the particles of ore and gangue 
suspended for a momeat, when they arrange themselves in the order of 
their specific gravities, and are thus deposited in the sieve, and after- 
wards sepaiajted, the uppet portion being removed by a spatula and re- 
Fig, 39. jected. Figure 39 represents 

a simple and effective instru- 
inent now used in the Harz 
for this purpose. The sieves, 
or riddles are in this ma- 
chine fixed; and the water is 
made to ascend an4 descend 
through them by the alteruate 
vertical motion of a solid pis- 
ton. . By this arrangemeiit the 
process of riddling can be per- 
formed with great ease and 
perfection, v , 

The copper can be perfectly 
separated from th^ gangue ia 
the Lake Superior ores hf 
washing the deposites whicj^ 
have accumulated in the labyrinth by means of what are called sleeping^ 
tables! Figure 40 represents a section of the, common sleeping- table. 

Fig 4e. 





It consists, in general, of an inclihed board, at the elevated end of which 
a stream of water Is made to run upon the mixed mass, of pulverized 
metal and gangue. The water, as it descends the inclined surface, carr 
ries with it the particles, which teud constantly to deposite themselves in 
the order of their specific gravity, the heaviest nearest. the upper end of 
,the. table. A workman, with a kind of rake, continually pushes the de- 
scending materials upwards, till the metallic portions have become sufll- 
ciently separated from the particles of the gangue. The former are then 
removed J)y opening a slide, through which they are allowed to fall into' 
a suitable receptacle .beneath. The same processes are repeated till a 
complete separation has been effected. The washed metal is tjien packed 
in strong casks and transported to the furnace, where the smelting is fQXr 
fofme.d, and the copper is cast into suitable shape for the market. 
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' ' CHAPTER VIII. 

DRIFT Of THE LAKE SUPERIOR LAND' DlSTltlCT. 

'Bvtrpducfo^ remarks.-^Drifi of the valley of the St. Lawrence, — Of Lake 
Superior. r-^Division of the drifts. -^Peculiarities of the coarse drifts, — 
Names given, to the diiftclay. — Thickness,- — Composition: — Strati^ 
etiti0i,-^£hient. — Origin. — Drift sand and gravel, — Composition. -^ 
Thickness, — Extent. — Stratification. — Composition. — Origin, — Tnflu^ 
mce of the waves. — Inference. — Boulders. — Thelf size and distribution 
and mineral compositipn.—Origin.-'Tr€mspert(J^Hon^''^Liniitation. — 
Theirrelation to tha drift. 

# 
Thie region of the great lakes may be consadered Q15 iht headquarters 
of (he North American drift. From tbe!3fKmtb of the St. Hiawrcnceto^th^ 
borders of Lake Superior there is hardly a spot whei^d the drift d€(- 
^siles are lost sight of. They generally form low, level plains, but somei- 
tini^s rise in high blnffs- and terraces, and again merely cap the promoai- 
Dories of the bolder cliffs. . 

' Throughout this long line of ihfend country thew i^, howwex, tib jfllgtc* 
•irhere these formations are more extensive than on the 'southern shore of 
Lake Superior — ^more especially its southeastern coast. There; they not 
only constitute the only visible formations for nearly one hundred miles, 
but they also attain an astonishing thickness, so as to form, by themselves, 
ridges and cliffs which exceed in height even those of the Pictured Rocks— ^ 
being in some places (for example, at the Grand Sable) not less than three- 
hundred and sixty feet high. In consequence of this prepoaderance 
of the drift deposite, that portion of the shore of the great lake is the least 
j^ttractive in a picturesque poin,t of view — it being in the nature of the detrL' 
tal depbsites to soften down the contrasts, and to prince uniformity and 
inonotony. The drift is less conspicfuous along the -^festerri pottioh df 
the lake shore, although it is not wanting eveh among the ronjantic anxl 

Srecipitous clids of the Pictured Jtbqfcs add the Bed Castles. The great 
ifference which exists in the 0Tx)graphiQal and geolbgical structure of the 
eastern and western portion of the Southern shote has 0Xetcised a pdwfei^- 
Itil influence upon the drift. S;nce th^ peninsula of Keweenaw p6inf, 
Xvhich projects so bpldly into the hke, divides the whble country Intft 
distinct regions, both in a mineralogieal and geolo^cal point of tiew, v^ 
xnay as well considier it also as a dividing-point for the drift — the more s6^ 
a*s it is now, and long wifl be, the general larrding-place for ah those who 
visit the shores of Lake Superior. We shall therefore start from Kewee- 
naw Point, to examine first those drift deposites which extend to the wfeSt 
of it along the copper region, and afterwards those which line the coast 
as far as the Saut and the Straits of Mackinac. 

Before we proceed to the investigation of the peculiarities and distribution 
of the drift masses in either of these regions, it will be proper to give a brief 
account of the different divfsions which we have recognised. The drift 
of Lake Superior may be divided into four different deposites, which, in an 
ascending order, exhibit the following characteristics: 



I 
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X^t A lay^ of cp^^^^snutaqaki^ jeoxRpofbod of pebbles iikteciniUig^ed nfUk 
loao); which we ^ill de«i;|ni^e as coarse drift. 

SW . A layer- of cls^y resung either op the cosofse drift , or, wl^er^e this want ^ 
i»g, on tb^ iFock. This is the drift clay of liake Supeiiw. 

Sd. A d^ppisite of sand 9 gravel, and pebbles^ irregnl^Iy 6trc^ti£e4; resUAf 
y^po^ the clky, or upon the rock itself. 

*^ 4tb. A considerable*n umber of isolated, bqulders, ^atteued over the wholp 
iegioa> forming the uppermost po^:tion of the drift depositee. The polished 
.and grooved surfaces which occur in connexion with the drift coiisMtute^ 
likewise, a most important feature in its history. Finally, there ar^ the 
.drift terraces and ridges, whi<ch likewise desierve a. close examination, ii;i 
order to ascertain their bearing i^ reference to the changes of level wIugIi 
have ^aken place during and since the drift epoch. 

1 . Coarae drifL — This deposite is the least conspicuous of a}l. It i^ 
SmnA. on^y in ^. lew p^^es akng .thie sontheri;i r^hoire qf Lakia Si^p^rior^ 
fieuerajjty cappix^g the tiigb towering clitfs of saiidstone, (as, tor e^ample^ 
ft thie 9ed Castlesj^ west of the ^Portage, and also at the top of the Pictured 
"^cks.) It is generally a mixture of loam and fragments of rock of 
.diflo^eut size — ^sometimes worn, but ^lore gen^^rally angular. As a leading 
Mature, we may state tji>at it is almo«t exclusively qomposed of fragments' 
of the rocks in situ, showing that, whatever may have been its origii:^ 
4t Gould not have beeri actea upon by jong-continued agencies-. AiWr a 
»Cfireful examination, I found but; few foieign pebbles, mofttily of trap^ 
pattered, through the ,mass, and evidently derived from the neighbor- 
hpod. The wiiole mass is nowhere more than thirty feet thick* We 
x>i|ght to add furfJier, th4|.t in many places the pebbles may be seen disap- 
spearing gradually, and the \vhole passing into a regular drift clay. 

This deposite might, perhaps, seem hardly worth mentioning, were it ^ 
.|[Ot that \\s peculia,r structure and its position ?!eroind us of a similar de- 
posite widely diffused throughout New England, especially in thema^Ur 
:t84nous districts of Vcjrmont, where it forms the most conspicuous feature 
of the 4 rift. 

.^ 2. Drift clay ^ or red day.-^l^his deposite has be^nloingago recognised 
.SfS a peculiar one, distiiw;t from the drift- gravel and sand above it> and thp 
.cpaise drift beneath it. It has been described by tjie geologist^ of thp 
Michigan State survey as the tertiary clay of Lake Suf>erior. From it^ 
.i§d coloif, which is pne of its lea4jng. features, it is also, called by some 
jpd cla,y. It is difficult to determine its average thickness^ froxn the feet 
that, in many places where it is highly developed, it sinks bdow the water? 
.Qf the lak^, a^id in other cas^S) where its base is yifible, its top has beeipi 
'gg^rtly washed away. Tb^fe a?:e, hovyj^ver, some placrfs (for example, at 
.Ihe western pprtioh of the Gr?ind Sable) where it maybe seen undistuxbeS 
limits i^iatural position^, its, base, resting on the almost horizontal stratpi 
j^ red sandstone, a kw feet aboye th^ water, whilst its top is covered by 
p, coBsidej^ble in^ss of drift sand. I found the deposite in this place to 
be sixty feet in Utickness, exhilpiting li^es oi stcatifipation disposed 
.ipith mu,ch regularity* Its upper limit may he Here s^en stretchiAg in a 
•boriziontal lipe for a long distance. We may well consider this locally 
jiLS indicating the average thickness of the clay . However distinct the upper 
.^mit of .the clay may be in general, it is also seen in many localities al- 
^ternating,with the sand above, or passing gradually into it — thus showing 
tii^t both 4^po^i^^;. ^Hhough ojf different matjerials^ belong^,, fie verthel^3S» 



to the same fonnation, and therefore that there is ho real groun(i to cbur 
sider the clay as being a part of the tertiary formation . As far as its 
composition is concerned, it appeals to be a mixture of loam and clay^ 
and its colcjr is owing to the decomposition of the red sandstone arid trap 
fiom which it has been derived. Though the main mass of the clay 
stratum is composed of very finely comminuted, substances, arid oi- 
ten times reduced to an almost impalpable powder, yet there are many 
pebbles interspersed thrbugh it, and even boulders of considerable size> 
generally rounded and smoothed. Fragments of metallic ores and native 
copper occur occasionally in it — the latter sometimes weighing severd 
hundred pounds. It was by means of the fragments of copper scat- 
tered through the clay that; the attention of the early travellers was first 
attractejd to the copper mines of that region, which are noV so extensively 
wrought. 

As a whole, the great clay stratum of Lake Superior cannot be con- 
eidered as being regularly stratified, though there may be seen in rtidiHf 
places bands of different color, and differing in the size of the materials, 
resembling in their regularity a kind of stratification. Neither is therb 
any striking variety to be observed between the materials, either at tb^ 
base or at the top; so that the conditions under which the deposite was 
formed must have been uniform, and rather quiet. * 

As to itis extent, it appears, fi:om what we know, to be spread over ah 
immense tract of country. Not only is it found along the whole southern • 
coast of Lake Superior to Fond du Lac, and along the St. Loui§ river ae 
far as geologists have extended their investigations, but it occi^irs sJso cm 
the north shore, where it has been traced for a considerable distance- alon^ 
several rivers which empty into the lake.^ It was (observed, however, by 
Mr. Whittlesey, that to the northWest of'Lake Superior the drift assumes 
an ash-colored tint, which is owing, no doubt, to the absence of red sand- 
stone in these regions. ^ 

If we were to consider merely the position of this clay as it appears 
on tl\e southern border of Lake Superior,, forming, as it does, a regulat 
stratum, resting upon the . red sandstone, and being limited to a certain 
height', where it is followed by the drift sand, we might well conclude 
that it was deposited in a circumscribed basin. - This is, indeed, the iiti- 
pression whi(^h a traveller might receive if he were laerely to coast aronnd 
the lake. Such an impression would be, however, entirely erroneous; 
for, in ascending 'the highlands which rise behind those cliffs, we meet 
again with the same clay at an elevation of from six to eight hundred feet-^ 
as, for instance^ near the Jackson location on Carp river, and in several 
places along the road leading to it. It also forms l6fty cliffs on the rivt^r 
Ontonagon — as high as five hundred feet. In all these places its composl-' 
tion is the same as along the lake shore, being quite as comminuted, and 
forming the same sticky loam when wet. It ought to be observed, ho w*- 
evef, that, on the whole, it seems to be limited merely to the depressions 
of the soil, and never to cover the culminating points. 

3. D^rijt sand and gravel, — This is the most widely diffused of all the 
drift deposites along the shore of Liake Superior, as well as over the whdie 
Borthern part of the country. It not only covers the clay deposite in most 
of the localities where the latter ha« been observed, but also extends over 
many places where this does not reach. We have stated that the clay, 
even at its highest level, was generally limited to the depressions. Thto 
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drift sand and gravel have no such limitations. It is found on the up- 
lands and along the slopes of the hills, as well as in the depressions. 
Although separated from the drift of the western {srairies by the dividing 
ridge between 'the upper peninsula of Michigan and Wisconsin, yet ii\ 
many places, where the ridge is not of considerable elevation, it ms^y be 
seen passing directly from one slope to the other, especially on the south- 
eastern corner of the lake — as we shall have occasion to show herefefter, 
It is likewise said to pass from one slope to the other at the southwestern 
border between the lake and the headwaters of the. Mississippi. It is 
found on the highest sipnmits of the Pictured Rocks-^neaFly two hundre4 
feet. Its relation to the drift clay can be easily ascertained merely from 
ihe state of the roads and trails, which are generally dry and pleasant on 
the drift sand.' No rule obtains as to the composition of the driffsand 
tnd gravel, either in reference to the; size or tlie mineralogical character 
of the materials. 

Layers of fine sand alternate in every possible way with layers of peb- 
bles — ^sometimes by a gradual transition, at others rather abruptly, Thei 
pebbles themselve^ are composed of all kinds of stone — some from the 
Immediate neighborhood, others from places n^ore remote. They are 
generally rounded and smoothed, showing that they must have under- 
gone a prolonged and violent motion, such as could have taken place only 
in the water. The same is the case with the boulders imbedded^ in the 
inass, of which there are many of considerable size — from* five to six feet 
through. Many of the boulders sue also covered with scratches, such as 
could have been produced only by a violent and steady rubbing. We 
wdlild state, besides^ as a further peculiarity of the drift pebbles and 
boulders, that they are generally clean,, there being no loam or mud at- 
tached to them — a peculiarity which is in itself sufficient to distinguish 
the gravel drift from the loam deposites of cx)arse drift before described. 
'The thickness of the drift-sand and gravel, like that qf the clay, is best 
ascertained along the shore of the like. There seems to be a sort of an- 
tagonisip as to the relative thickness of both depo^iies between the east- 
ern and western portions of the lake shore. Whilst the ciay seems to as* 
sume its greatest thickness west of Kevv^eenaw Point, th^ saud and gravel 
f^eem most developed to the east of that point: Its greatest thickness w^ 
found to be at Gfrand Sable, where the coast rises, according to Mr. Whit- 
ney's barometric^ measurement, 360 fe^ above the lake; and since th^ 
clay stratum underneath is only sixty feet thick, it gives an amount ojf 
three hundred feet for the sapd and gravel deposite* From that spot th€ 
same drift deposite may be seen extending in the form of a high cliff tQ 
the southeast, generally some miles distant from the lake shor^; until it 
Teaches it agam^atf Point Iroquois, where it rises almost to the same 
height — 345 feet^ thence it sinks gradually towards the *Saut* A further 
•peculiarity of the drift-sand and gravel deposites we would mention — their 
irregular and undulating surface, especially where they cover wide tracts 
of country: as, for instance, in the plains of Wisconsin and Illinois, 
which, from this feature, have been.deliominated rolling prairies ^ in op- 
position to the level prairies, which are mostly alluvial. The shores of . 
liake Superior are, in this respect, less striking — owing, no doubt, to the 
fact tha:t the. country is less level, and also in consequence of the forests 
which coveir the ground ahnost everywhere. ThA summit of the (j^rand 
Sable, as will be notice! subsequently, is the place where this undula- 
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tthg app^aranJC^ is dost ^^riking ori the lake ghpi^. There pSKi be no. 
d<yabt that, as awhote, th« drift sand and gratel is a stratified' deposit^,' 
although the styatlficMtJrt i^s perhaps more imperfect than in any other sed- 
Kwientary formation. The strata are generaffy the most'distinct where the^ 
mass is composed of fine sand. They are* less cbnspictioas in the gravel /- 
except whe*e it alternates tvith layierd of sand or clay, in trhich case f he'- 
scpdrafion into dyers' is sometintes very distinct. As a frequent occur-' 
jence^we would especially mention those irregular layers which have 
teefa designated under th|e name of cTosS'Stratification by some, and of 
iMs^ordmtt sltatifinatitm by others. There may be sometimes s>een iii a' 
jiingle section three, fbitr, fiVe, atid even mdre plans of stratificatibny 
fenning amoftg thertisel'Ves all sorts of angles^some horizontal, som0 
. slightly inclmed, and others almoi^t vertical. Instances of stich stratffi- 
catlon are to be seen all along the coast of Lake Superior, in the drift ar 
well a^ in the alluvial sand. They are less frequent where the depbsites^ 
assume a ttiore Idamy character.: It is well known that this dfscordan^ 
fitratificatioii is not limited to the quarternary deposites, but occurs iri 
fiandstone'of every age^ Along Lak^ Superior, where the drift-'deposite^ 
tes^t immediately on the Potsdam sandstone, it is a rather impressive sight 
for a geologist to witness, side by side, this structure both in the oldest 
tod most recent of the sedimentary formaticins, thus showing that theisam^ 
lawsof depcfeitidnV ^venin minor details, have prfevailed at all time^ in thrf 
formation of th^ ea!rth*s crust. Sorne doubt stul exists as to the cause of 
these singular stratifications. The attention of geologists was first di-^ 
meted to them in the recent deposites of the Valley of Switzerland, wherd 
two rivers (the Rh^ne and Arve) meet. They were ascribed by W. . 
Nedk^r to the disturbance causedrby the meeting of two currents of va| 
riabljp strength, con-tendihg with each other in the same held, whence thd 
strata resulting from' this conflict "^^tQ cA\qA sttdtijications to&entielles^ 
fo this way the Swiss geologists succeeded in e^tplaining, not only the 
variable indination of the *sttata-, but ali^o their diflference of materials j 
^hen it happens that one of the currents carries. coarser substances than 
the other. It is evident, however, that. this explanation does hot apply 
to' the similar structure of th^ sand deposites along the sea and lake 
shore, where the confliet id no longer caused by rivers, but by the con* 
tending forces of waVes-and currents. We know, for instance, that iri 
isome s/hallowharbori^— that of Chariest© Wn, for example. — the pilots have 
tx>make out th^chslnnel^fter every severe gale. This shows that th6 
xi^ves exert a strong' influence upon the bottom, • where it is shallow 
enough to come within their reach; and since, from the nature of the 
waves, we mu«t suppose their action to be broken and unsteady, w6 
ittight well expect such irregular strata to be formed wherever the wave^ 
attd tides come in conflict. Along Lake Superior there are no tidal cur* 
rents, sis far as we knoW; but the currents resulting ftom the changes of 
the wind ai^ strbng enough to account for similar conflict^. If this ex- 
plarmtion be true, we might then expect such discordant stratificatioii 
wherever the water Is shallow enough to allow the bottoin to be stirred. 
Tip by the waves: Indeed, there is' every probability that all sand and' 
s^Ahdstone formfatibris xvt\ich exhibit a similarstructure have been fprme|[ 
in shallow water— an inference Which, as far ^ the drift is concerned, is 
confirmed by ojther considerations, which we shall examine hereafter. 
4i Boalders.^^Of all the drift depositeS; the boulders have, from all 
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tjai^^ indrih ii)Mfc0aiittie») Bxtitad iht gtiealeit inUi^st/in e^mseqiiisDii^^ of 
their size^ as 'ik^H as of th^r posifjon. ' The mere Tiew of a huge block 
ef graaits^ siniated> as it ofiteif bi»ppen9> on the suitjmit of a hill^ whilsl 
Ibe rock 00 whioh it rests is of iiiiiA<e9ton& or sandstone^ is sufficient toi 
exmte the eitffiositjr of every thinking man> as to the place fVom irhii^h 
1la» Btianger msEy have i»>me> and as to^ the mode by r which its trass^* 
Mion was aooomplished. We ought not lo= be astonisb^d, therefore, thai 
Qiost of the theoiies Trhioh hafre been imagined to soItb the problem of 
the drift sbouild refer chiefly, if not exelusiveiy, to the boulders. From 
kiaking at tbeaa in a too exelusi?e point of vsew^^ most geologists havd 
pd»iisi«korstood their true sigaifioacion; they have overidoked the othet 
iliore . Rgulap depositee with which they are connected: thus forgetting 
l^&t the boulders form but a part of the drift fomaiation, and reprieseht but 
one single though striloing event in a k>ng period of the eaa?th's history— ^ 
that' of the quartemary epoch. This we consider the chief cause of the 
msttffieieney of most of the theories « Before we attempt anyexplan^^ 
tkm^ ofQir object willbb fiietto eatamtne th^ir peculiarities, as es^emplifisd 
in j^ie regfion of Lake Superior--' which we d«em the more im|)ortant, ai 
this regio'n seems to barv6 been the point of departure fov many of them^ 
scattered far and wide oyer the country. Boulder» of every size and 
desoription occur in great numbers along the whole southern shore, and 
ate said to be as numerous aiong the north shore. As a whole, they did 
not stiibe me by their dimensions. They do not by any means equal 
daase huge masses found in Bwitaerland and in many parts of New 
England^ The laigest boulder which I noticed was one of hornblende> 
near €arp river, measuring 15 feet in length, 11 in width, and 6^ in 
height; another, near the Portage, measured 8j^ feet in length and 5 in 
width. On the borders of Lake Superior, as in all other countries wj;i6r^ 
drift occurs, the boulders are the most widely diffused. They axe scat^ 
tared over the whole coontiy, and may be seen at all heights, where no 
o^her driift depositee reaeh. 'They are truly the vanguard of the driflfor*- 
mationy in heigbt as well as spacer Even the dividing ridge-, where it 
rises t&e highest, does mft limit their extent; for they hc^ve been found as 
bif^' as; one thousand foet above the lalce south of the Anse, and may b^ 
item' tfajmce traced umnkerrnptedly along the southern sdope of the ridg^ 
into the prairies of Wisconsin and* Illinois. As to their minemlogieal 
jDOUiposttttMi, there is ievery variety of rocks to be found, and in many in^ 
stances they may be tmced bo thefr origin at no very great distance. Wt 
tbUs soon accustomed ourselves noti to look any longer upon them as 
fitrdngers, as we do where there is no analogy whatever'between- them 
and the rocks on which they rest. Among the most numerous boulders 
«biig the lake may be mentionied those of granite, trap, and hornblende 
rocks^ which are comcpon to both ^shores^ Boulders of sandstone ar^ 
less froquQnt> in spile of the ^eat predominance of thisroek along the 
south s^orc'^a. circumstance easily accounted for by its greater doftnes^ 
wfadch renderis it the more destructible^ As a general rule, it may be 
«lated that most of the bouidens scattered over the Lake Stiperior region 
have not come &oai far. This is of the uonost importance, since it ac^ 
tualiy enables us to trace thie route which they have follow^; and ai^ tb 
ijtmr direction, i feel no hesitation in: affirming that most of the boulders 
within the region of Lake Siiperior have been transported from north to 
fieuth.' As instances of this soiitherly t7ains|K>rtation> I shall state th^ 
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following facts. The iron regfoaof Lake Superior is situated hear Car]) 
river, east of Keweenaw Point; and, although the ridges where the won 
ore occurs are only some ten miles from the shore, yet there is. not a sin- 
gle boulder, nor even pebble, of iron to be seen north of the ridges. This 
ore, of which there are innumerable fragrnents scattered at the foot aiui 
in the immediate vicinity of the ridges, is so conspicuous, from its banded 
{Structure, that it would undoubtedly have been noticed, if it did occur at 
nil north of its origin. In going from th^ iron ridges towards the south,' 
iron pebbles and boulders occiir in abundance, and may be rmced for 
some distance. Thus, in Septembtjr last, Mr, Whitney, starting from the 
ridges e^st of the Jacksoti location, traced boulders of iron ore alL along 
his route towards the Escanaba river, some twelve miles off; and tbey: 
might probably be found still fiirther south, were it not for the swampy 
character of the country. ^This southerly transportation is further con- 
firmed by the boulders of the beach itself,, which point to the north shore 
as thfeir birth-place. This applies especially to the coj^per region west of 
Keweenaw Point. There trap and sandstone are the only' rocks in place; 
and yet among the boulders scattered over the. surface there are many of 
granite and horablende, which have evidently their origin on the opposite 
shore, where we know these rocks to be very abundant. Thus it hap-* 
pens that, when* travjelling from jsouth to north, the appearance of a new 
formatiou is always indicated by the occurrence of single boulders of it> 
whilst nothing of the: kind takes place when travelling from north to 
,i?outh. This precession of the boulders is especially striking among the 
;ridges of the iron region north of Carp river, where there is often a great 
variety of structure in the rocks of the different ridges. There the val* 
leys between the different ridges contain, for the m6st part, boulders from 
the next ridge to the north. There are also instances where a ridge did 
not allow the fr.agments of the preceding ridges to pass. A striking in* 
stance ofnhis has been observed by Mr. Hill westof the Jafskson loca- 
lipn, where the slate and iron boulders are heaped up in great quantities 
on the northern slope of a greenstone dike, whilst there are. none on the 
;granite slopes south of this dike, which has therefore acted as a banrier, 

Efeventing th^eir transportation further south. This limitation prevail»> 
owever, only within the hilly portion of the Lake Superior region^ be- 
Itween the lake shore and the dividing ridge. South of the ridge nothing 
of the kind seems to occur/ There being no further barrier to cheok 
'th6ir course towards the south, they ha^ve travelled even to the very limit 
of the drift -d^posite; and thus it happens that boulders of the Lake ^a- 
.perior region jtre found as far south as the Ohio — that.is to say, more than 
six hundred miles from the dividing ridge, the nearest place from which* 
rthey could possibly be derived. We think, therefore, that there is satis* 
factory reason to consider tlie region of Lake Superior, and especially the 
rim of cliffs and hills which surrounds its basin, as the birth-place of th6 
^eatest quantity of boulders, scattered over the western 'States of .the 
Union between the Alleghany mountains and the Mississippi ;• and from 
this congideratior;, the region of Lake Superior, more thanany other, da- 
^erves a close attention on the part of the geologist who attempts to solve 
the problem pf the drift of this country. By m; the greatest quantity of 
bouldete on Lake Superior, 33 .well as. elsewhere, ate situated On the sur- 
.face, above all other drift deposites. This, of course, is in itself a proof 
that they have b^er^ deposited posteriorly to these ^rmations. . But bet- 
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^m^st tfiey .im&t>f a imnre recent origin , this does by ho m^ans.pioye that 
theyjare di^Qonniected from the other drift deposites. We hare ae^n that 
an abiiadanoe of boidders are to be £>uud both iii the driftclay a<id s^tad 
of I^Q Superior, "^hc oaiy diflference between them is, that.whil^ 
0ip^ of the s^r&ce, are ofteu more or. less, angular, those i]^bed4fsd in the 
day aqd swd ane generally mote rounded, and often scratched ^nd 
striated-r-a peculiarity which we shall afterwards att^napt to explain. 
iNow^ as f he boulders within the drift are of the same kind as those of 
the surface, and have, like them, a northern origin, (though sometimes 
not a great '^^y off,), we are naturally led- to the Jpferepce that ^hey were 
transported by the same jjgeucies, which pri^sr, therefore, have been at 
:W:oxk during' the depesition of the dnft period. Mor^yer, this agenqy 
must have been as powerful at the time oi the dnft and c]ay deposites ^as 
Afi€rward&,since,we know that many of ^he included boulders .are as maa* 
^ive and as heavy js^ those. of the surface. It is evident, therefpre, that 
ao theory .<^n be ad^ssible which d^es not dX the. same tima account 
;satis^ctority )ibr the iranspcnrtation both of the bpi^lders .qj. the surfa^ 
«nd of those of the drift-sand and clay. 

6.- Gro^vedy s^fttckedr anii pQli^hed rocks. — Whatever opiiUQn.ye may 
seutertain a« to the cause and origin of the drift, there is a point uppQ whicil 
all geologiats who are familiar with the subject agree, viz: that there is 
an unquestionaVle connexion, between the drift-depositesand iheiounded» 
smoothed, and grooved appearance of the rocks upon which they 
rest. Wherever drift occurs^ it is associated with that peculiar appear- 
ance of the/Jedges, which is instantly fecognised. The sur&ces are the 
^ore perfect, as the ro^s are harder and less prone to disinlegration. 
Thiiti n ourdistrict they are most distinct on the trapandcoipEipfiGt slates; less 
,$0 on the granite and compact limestone; and are not expected to be A>uod 
-on the seoA^^t^t^fy limestones. In many places the striae and IjiirrowB 
iiave disappeared in coiiisequcdhe of the disintegration, and there, .remains 
iiothing but the rounded outline of the rocks, which, from their resem- 
blance to fleecy ciouds, have be^n called, in tb^ Alps, fleecy rocks. 

in many instances the polished and grooved surfaces arp concfealed by 
Jthe drift, and are not visible until by some nieans the deposite is ri^iaoyed, 
^Jbis «2:plains sfufficiently why so general a phen<)menoii should baye been 
^x,so long a time , overlooked by geologists; for it is only about forty years 
since it was first mentioned, and only ten years since it was brought ioto 
igenenii notice. One striking peculiarity of the rocks subjected to erratic 
^^cy consists in the fact that, whilst one side is smoothed down ', the oppo*- 
fi$£te side is rpi:\gh and angular, as if it bad been sheltered from the abrtfiding 
.process. These are .kno wn^as the lea and strike sides. Py means of tlus 
feature we are enabled to recognise the direcdon in which the erratic agency 
operated, even where there are no scratches. The lea side is inv|iriabiy * 
to the south,over the whole of this district — a feature which we ought to 
4expect, when we consici^r the origin of the grooviags.^ 

As a leading feature of ^all groovings, we may mention their straig^ 
course. Whateverthe direction, they elre in straight lines, whether coa- 
dnuous or interrupted — ^ihus showing that they must have been formed by 
an agency unyieldinj^ and steaiJily £^plieU. There is but.ooe. instanoe 
;wbere curved stria; have been i»bs*a:ved in this regipu, which .yill be, no- 
ticed hereafter. 

Groovings of all $izes oc^ur. The ntost common lorm is t|iat of psuni- 
U 
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lei furrows from one to two "and four hnes wide — ^^sometimes extending Btft 
a foot, at others many yards. Where the rock is excessively hard they 
are merd striae, which are often as distinct and sharp as though they had 
been graven with the point of a diamond. Hollo^t^ spots are observed, as 
though they had been scooped out by a round instrument f ateo, we ob- 
serve wide bowl-shaped depressions, known as iroughsy diiid which have 
•been caused by the same agency, since they are always found parallel 
with the strisB. Instances of all these diflerent forms exist on both shores 
of the lake and on Isle Royale. 

As to the direction of the striae in this district, it will be seen that, with 
the exception of a few local deviations, they are northeast and south v/est — 
a direction which also prevails along the western shore of Michigan, and 
in portions of the western States. This direction forms a striking contrast 
^ith that which prevails throughout New England. There, they bear 
northwest and southeast. We shall hereafter attempt to explain this singular 
opposition in the striae of the two regions east and west of the Allegha- 
tties, and show their relation in determining the leading features of the 
continent. ' \ 

6. Terraces and ridges, — The terraces and ridges of the great lakes 
hare of late attracted a good deal of attention, inasmuch as they have a 
direct bearing upon the question of the changes of level which the sur- 
face is 8U|)posed to have undergone during the epoch of the drift. They 
may be seen both on the south and the north shores of LakeSuperiory 
though they are less striking hefle than around the lower lakes, (Erie and 
Ontario.) Those of the north shore of Lake Superior have been de- 
scribed by Mr. Logan. They are most conspicuous at a locality. called 
«^Les Petits Ecrits," of which Mr. Eliott Cabot has given a fine sketch 
in hft Narrative. Those of the south shore have thus far been but little 
noticed, probably because they d^cur chiefjjr in that portion of the lake-dis-- 
trict which is the least visited, viz: between the Saut ah d Keweenaw 
Point. Beyond that point, there may be seen, in many places, aton^ the 
shore oi the copper region, high bluffs of drift; but they nowhere'assurpe 
that stair-like form which is the characteristic feature of terraces. *To 
avoid confusion, it might not be inappropriate to explain what is meant by 
the terms terrace, bluff, and ridge, as we shall have to allude frequently 
to them in the following descriptions. Driftblnffs, or cliffs, are those 
accumulations of loose materials which terminate abruptly in steep slopes. 
The steepness of the slope depends in most cases chiefly upon the kind 
«f materials of which the bluff is composed. Thus, bluffs of clay are 
steeper than bluffs of lof^m, arid bluffs of loam steeper than bluffs of sand 
oir gravel. The terhi, terrace, is applied when several such slopes are 
seen one above tM other, so as to appear like the steps of a stair-case. 
Ridges differ ,frOm terraces in having a double slope, and being, therefore^ 
real hills j whereas bluffs and terraces are merely the margins of plateaux. 
In a geological point of view, the terraces are by far the most imporiant 
of these three forms, since they afford direct jevidences of the changes of 
level which have occurred since the deposition of the drift. There can 
be no doubt that, wherever terraces of stratified materials are found 
above each other, the waters have once stood at so many levels, ft 
might be, and indeed it has been, inferred from this, that when terraces 
occur along a shore, they ought to be found everywhere of the same size; 
and hence, that when their level is irregular, it is a proof that the up- 
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IwMTal -WHS not uoiform. This vipw, althm^h correct in jwincspl*,!*, 
■ however, ^pt to lead to mistakes when applied wilhoul dieoriinii)UinD. 

Fig. 4V. ■ Suppose diagntra 41 to repre- 

, iseat a lake. Let the water sink, 

J or rather the land rise, at different 
I iateivals, so as to reduce suceeB- 
isively the water-level from ato b, 
|and then from S,toc. The beach- 
line, (provided there be one,) 
-strikieg the shore in an uninletnipted manner, will be found everywhere 
at the same level; but it by no means follows that the resulting terraces 
will be fimnd uniform areaad the whole lalce. The error in this respect 
arises from the iact that tisrracesi have been too ' often mistaken for, 
or confounded with, mere beaches. It should not be lost sight of that 
terraces and biufEs are the result of the undermining; action of the waves. 
Their sixe and shape muBt therefore be determined by the forpe of this 
agency. If a basin of water is so situated as to have etk of its ahoi<ee 
«xpose(i to the full force of gales, white the.opposite shore ia.eheltered by 
high lands, we may easily conceive of a subsidence of the waters -froift 
a hiaher to a lower level, without at all altering the elope otT the coaM: 
as, for example, on the left side of the basin, l>, iu diagram 41. In the 
mean time, the right shore, not being protected, will b^ sp acted upon as 
to occasion a sucoeasion of terraces. Again, the destructive action may 
be so effective in certain [daces as.W wash off, in the c«Qf se of time, «r«« 
the terraces o( (or mer levels, -and to leav^ only a single Uuff, as intUcaled 
by the dotted Kne. • v 

There are many places along the lake shore where the peculiar shape 

of the terraces -and their diversity are to be -ascribed to such a process. 

Pig. 48. The dia^^am 42 will jender 

this aiill mare evid«nt. There 

can be no doubt that the waier 

once stood at the foot of the 

[ upper teitBoe, m, and that, 

while atatiounry, the U{^r 

' bluff was fonvicd. Afterwaiids, 

the water-level sank, and another bluff was formed at n, and, still ia^er, 

another at o. The subsidence of the water must hav« been intermittent — 

the epochs of subsidence, which ars indicated by the areas between the 

terraces, being followed by intervals of quiet, during which the ternwes 

w«« formed. But this reguUr succession ofterracdb does not extend for. 

It is limited to a small space in our diagram; and, as we: advance towards < 

the left, we see the iatervids between the terraces growing mare and ibok 

narrow, dll they completely disaf^iear — being, as it were, crowded into a 

siiigle bluff B. Further on, we see the bluff itself iocreaaing laip- 

idly in' height, and by-andby disappearing entirely, leaving nothiug 

but a gentle uniform slope, A. In the above instance, the circiunstance 

that these ■ different •forms of terraces occur within a narww ^paae,'and 

4)ass gradually- into each other, excludes at once the idea of a local 

change of level. It must be evident to any one that they cannot but be 

til* result of actual causes. But, should they ocjur at great distances. 
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siieh diffferen^^ might easily lead to ^itor. Let us Suppose, for a iho- 
raent^ that we know the abote itenaces and bluffs tnerely from transverse 
• . Fip.43. sections, (such, as represented in fig. 43 r) 

would we not infer that the difference be- 
tween the section, B, and section, A, resulted 
from the fact that B was raised higher than 
A, ^d hkewise that B and A w.ere both 
raised at once, whilst C was raised at three 
suobessive intervals?* Thus, not taking into 
account the action of the waves, and the pe« 
sition of the shores in reference to the predom- 
inant winds, (as exemplified in diagram 49,) 
we might perhaps be induced to recur ^^ ex- 
travagant hypotheses, call in aid ^ven the tn&p 
dikes, and other paroxysmal ageiiciea, to «c- 
connt for features which are most readily explained by the mere play of 
•irteteorologicai agencies. . 

' 3{owever,.we do not pretend to assert that the upheavals wMcb laid 
oare ^ great portion of the drift deposites have been uniform throsughoiit. 
We know that tbeie are, almost in every drift country, undoubted proo& 
of local changes of level afforded by the drift terraces; and we shall hatie 
occasion hereafter to refer to such an origin for those diff^nces of level 
''Which are to be fraced in an uninterrupted tnanner over vast tracts * of 
country, especifiHy along the sea shore. But we should be carefii) to call 
in such causes only when the phenomenarcannot be otherwise explained. 
Ridges are often associated with terraces, and have frequietitly been con- 
' founded with them . They differ from teiraces in being actual hills, rising 
from a plain, with a slope on each side. Sometimes they extend for a iong^ 
^distauce eAqng the shore of the sea, or an inland lake— as, for instance, Lakes 
Erie' and Ontario, where they are commonly used as roads, being dryer 
than the surrounding grounds. From their situation, as well as their po- 
sition, these ridges have the greatest analogy to ancient beaches, and there 
cam be no doubt that many of them have no other origin. In that case 
they are the most reliable evid ence for ascertaining local changes . Beaches 
Uave almost uniformly gentle slopes, rarely exceeding 12^; but there are 
aiafiong the ridges aome which are too high, with slopes too abrupt^ to be 
considered aj? mere beaches. 

Since attention was first attracted to them in Sweden, where they go by 
the name 'of ceaor^, (which mean sandhills,) I shall designate them 
henceforth by that uiiiie. There is every protbability that thefy were fiMm- 
ed as shoais, or bars, or banks, underwater, rather than on the border- 6f 
tbe ' Coast, since we know that such ridges are forming in our day iu 
shallow water both in the sea and large lakes. It ought to be remembered 
that the sumxnit of these submarine ridges is not always even, nor their 
beailing necessarily horizontal; so that a slight inequality iki their outlines, 
espeicifldily if limited to a narrow space, does no more imply a local chasige 
of level than in the case of the terraces before mentioned. Since, f)X)m the 
:;aUire of things, raised beaches and osssfs are expected to occur in the 



•Since ihe washing off ^akes place gradually, there is every possibility that the bluff Bj >, 
was once lower, and that there were terracei indicating the former levelp, (mf A, o,} as in section 
€ .c,but that they have been washed away. 
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same localities, it must be left to the sagacity of the observer to determine 
in each c^se to which class they belong. Instances oi both have been 
noticed, at numerous points, along the shores of the lower lakes, but they 
are less firequent on the coast otLake Superior, although not entirely*, 
wanting. 
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GHAPTEE IX- 

■ 

URlFTr— CONTINUE D». 

Region west of Keweenaw Point, — Thickness of the drift, — Boulders. — 
F\Arrows, — Polished rocks, — Keipeenaw Point. — Absence of drift. — Isle^ 
Royah^ drift boulders, — Polished rocks, — Influence of the waves. — Di- 
rection of the furrows, — Slriee occasioned byfloaihig ice, — Iron region*. — 
Terraces, — Height at which tlie dtift is found, — Drift of the sandstone 
region. — Of the sand region, — Gravtd Sable. — Sterraees. — Drift of 
the St, Mary^s river. — Mackmac. — Conclusion. . 

Drift of the copper region west of Keweenaw Point. — The extremity 
of Keweenaw Point is almost entirely destitute of drift, and, for a long 
distance betweeD Copper Harbor and Eagle river, the coast is lined with 
trap rocks, sandstones, and conglomerates^ almost without any coreriag of 
loose materials,- with the exception of some dunes near TSagle Harbor and 
E^le river. A geologist who should limit himself to the examination 
merely of this portion of the coast, which is the most frequented, might 
well imagine that the drift deposite plays but a very subordinate part ia 
this quartef. This impression, however, wouM soon vanish, if he weve U> 
pioceed some distance on either side of the point. To the west of Eagle 
river^ the coast is for many miles low, and composed of sand and gravel 
belonging to the alluvium of the lake. Beyond the Portage^ the coast be- 
gins again to rise, forming high and picturesque cHffs of sandstone, which^ 
From their castle-like appearance, have been designated by Messrs. Foster 
and Whitney as the Red Castles. The tops of these cliifs are covered 
with a deposite of loose materials, composed of the detritus of the redl 
sandstone, which, from its structure and the absence of all stratificadon, I 
am inclined to refer to the cctarse drift, (although it is less coarse than on 
the cliffs of the Pictured Rocks,) and may be seen passing by gradual tran- 
sitions into the red clay. Its average thickness does not exceed twenty 
feet. This range of sandstone cliffs extends for some ten miles, after which 
it disappears again; and beyond Elm river we meet for the first time with 
high drift bluffs, rising boldly from the water to the height of from eighty 
to one hundred feet. These blurffs might easily be mistaken for sandstone- 
cliffs, from their color and steepness. It is only when approaching closer . 
to them that we become satisfied as to their real nature. The succession 
of the strata is as follows: at the foot of the cliff is seen rising from the 
water a stratum of red clay, very tough and sticky, some forty feet thick; 
above it a layer of sand from six to eight feet thick; still higher, another 
stratum of clay not more than a foot thick; and covering this,, a mass of 
sand forty feet thick, which reaches to the top. Through the whole mass 
of the sand, as well as of the clay, may be seen pebbles of different sizes^ 
among them those of limestone are by no means rare — the presence of 
which may offer at first a difiiculty, since there are nowhere in the neigh- 
borhood limestone strata, in situ, from which they might have been de- 
rived. But we shall see afterwards that there is no real difficulty in the 
way of explaining their origin, since that same limestone forms wide tracts 
of country beyond the northern shores of Lake Superioi; I noticed thai 



Dkese UmestQQA pebbles were oftentimes accumulated in small layers near, 
the top of the bluff. Among tbem were many fossils, which we found to 
belong, without exception, to the Cliff limestone. Between these bluffs- 
and the Ontonagon river, the coast is for the most part low, and lined 
ixrith shingle beaches. The drift appears only in a few places upon some 
low sandstone cliffs. My o^fcrn observations do not thus far extend beyond 
*• Qtttonagoo; but, according to Mr^ Whitney, there, appear again drift- 
bluffs similar to those just described, and pf equal height, between Pres^u '" 
isle dver, a^d Black river — also, between the latter and the Montreal, 
river. €n botli places they agree in composition and structure with those 
first described^ There are, besides, high drift bluffs to be seen on 
several of the Apostle islands, and also west of these islands, where they 
SKre said to attain in some places a heightfrom 400 to 600 feet. Though, 
^ie-whole mass is generally designated as clay, yet there is but little doubt, 
that^on closer examination, there may be fiiund also layers of sa{^d above.- 
tlie ciay. The thickness of the drift-strata along the lake shore, including 
both drift-clay, gravel, and ,sand, (Joes not, however, give^a correct idea 
of its extent further inland. In ascending the rivers which empty intQ» 
the lako, we generally find the drift mass increasing considerably in thick* 
Hess.' Thusjfor example, at th^ Cushman location, on the Ontonag6n> 
the bluffs of drift may be seen rising to'the height of 125 feet above the 
bed of the river. I noticed that there were also nwre pebbles and boulders 
interspersed through the mass, and the distinction between sand and clay 
denied less striking. The whole mass may, in some places, be called a; 
sandy loam, and seems to indicate, on the whole, a less regular and quiet 
action. \% is seen leaning against the trap ranges on which the-Minne-. 
sota location is situated, and the upper sandy layers may even be traced 
almost to the top of the ridge. The annexed section, figr44, will give 
an approximate idea of their disposition in the vicinity of the Ontonagon. 
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A, drffl-sand; ite, dTiftpHslAy ^ S, candstone; r, trap. ^ 

The Minnesota trap ridge rises like^n island from the surrounding drift- 
plateau and breaks off precipitously to the south. From thrd range, the 
eye embraces Within its Bcope the great longitudinal valley bounded by 
Che granite range on the south and the trap range on the north. The' 
whole country is covered with drift deposites, through whicb the different 
branches of the Ontonagon and 'Sturgeon have cut deep ravines, forming 
, bluffs which are still higher than those before mentioned. Pebbles of aH 
sizes, and leirge boulders are seen scattered through the mass, and among 
them are ifbund occasionally some of native copper. The limit of the drift 
to the south has not as yet been accurately ascertained. It reaches ^ accord- 
ing to Mr. Whitney, as far as the sources of the Ontonagon; tind, since 
the dividing line between the northern and southern slope is not very 
prominent, we may well suppose that it spreads in an uninterrupted man- 
ner in that direction. On the whole, however, the distribution of the 
drift west of Keweenaw Point is not so irregular as might appear when 
seen from the shore. There arc wide tracts of coast which are bordered 



by shingte beadhes, and sdttiiiirn^shy dunes j Mt thcsfe- ia^oiSy ;<hi Ih^ 
margin, attd we need not go fat ihlahd tO' find the drift^bhiffsV EHren- 
where the doiist is rocky and destitute of aiiy ki!ld bf Wb^€?^lWAt^^fetei^a»^' 
ffer example, fet Copfjer Harboi^~thisw«Hfit ofdrifiite^ 
plyitig mel-ely to the intmediat^f vicinity of t^e lake; alid we haiW oiiiy tcK 
cross the first ridge to fiiid it again. 

KeweiertaW Point, froin its projfec^ihg jtesStJdriv ii*' e*p*sfed' tcr' the ilidsfr* 
Ti^lent action of tire gal^ ^nd wiac^es, and xv'c niiay ind^d' efisily con- 
oeive of its' shore being deprived of ail /loose materfafe-. No* is il th« oifiy' 

gac^ where this occuilg; alttiost all the projcfcKng p6itetB West of it arej 
iewise mdre oir less barren; but' in many pierces the drift bhifls which*^ 
Ikie the ihtiervening bays m&y actiially b^ seen rising bie^ifld the tdekjr 
pfombritpriei. There is but little doubt thaty if Ifte coitrltiY Were clerfre4j^ 
of wood^, thi^rd would be seen along this .v^hole southern cbaist of lakeSu- 
j^rior a lihe of drift^blttffs, in abmie plates approadhrAlg' etose to the lake^' 
in others receding more or less from it, but yet formit^'acfeintiniidiis t€lr-^ 
rtiee^ more or less elevated. As to the boiildefis of this'pa'rt of tiWcoilnhyj; 
tht^y are found scattered at all levels^ not only over th^ wtole: i^li'i^de of 
,the drift ptiteau, but also over the differ^iit tiiaf^rid^esy Wbeite'tbedtift*^ 
clay and' sahd do not reach. I was sho^jra, by Mr. Ensip^^ a bimld^ df 
granite fiVe feet long and t#o feet high, resti!ng on the very^ top of tlhi& 
highest khdb of the Minnesota trap ridgie. This bouttJer b^ preSerred-itSi 
stHgulat* shape, bfeing hardly Avorn at aS. The»iB is every pfdbhbiBly thtit^ 
bouldets aife likewise found on the highest elevatibns of thiBh cottntpjf,. atid* 
continue without interruption frbm orie slope of <he dividkig ridge to tWe^ 
other, as observed in several places further to the east. A^fei' as their 
AiinerMogical composition is concerned, most of the bbuldets belbttg to fl^'* 
i'gneous fodks, viz: granite, gneiss, trap, and hOril blende. 

There is but little doubt that in this pottion of the country^feey a*e^f6!^ 
the most part, if not exclusively, d^iriv^ from the northern shore of the- 
lake, since, with the exception of some trap dikes, there are no similar 
rocks along the lake west of Keweenaw Point r It might be asked, have 
they not been derived from the dividing ridge between the upper peninsula 
and Wisconsin, since we know that granite occurs there?, But this would 
suppose a transportation from south to north, — an analogy not observed else- 
where. The absence or scarcity of sandstone bouilderi|. should not sur* 
^prise us^ if we consider that this rock is much softer and more easily de* 
corn posed J its debris has probably been ground to powder, and formed fhe 
elenjents pi*; the drift-sand and clay, while tl\e tiap and primitive rocks 
have furnished the boulders and pebbles. 

Glacial furrows aind smtches are very scanty in this part 6f the country* 
1 have noticed, them oniy in one locality, viz: on the road from Elagla 
river to the Cliff mines; thisy are on trap rock,jpuad run nortb 16^ east. 

Drift phenomena of Isle Royah. — One of the most prominent features 
qi Isle jpoyale, which cannot fail to strike a»y traveller coming from the 
sputli shore, is the almog^t total absence of drift deposites — the sheire be- 
ipg everywhere composed of barren rocks. With the exception of soine 
patches^of, course drift which are ^aid to occur near the western extremity' 
oi the isUpd, there are no other cjuarternary deposites to be seeri, if we 
except ^me bpulders. .which belong pajrUy to the allwvium,, and partly to* 
the drift. I consiiier,; as beloi^ging to the alluvium, those boi^lders which 
fj-re seen in several places accumulated near the water *s edge^ along, the 
southern shore of the island. As an instance^ I would mejitioa those 
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wtkitk odctil' at th^ SislcA^rtt Cortlpany's location,' tfe^ nnles east of 
Itaek Harboir. The bduldert' ai^ here r^rf much crowded, so as to cover 
ali««>st entirely th^ grbund for som^ distfttide; but they are liiriited to the* 
i<mh«diftte vicinttjr of th^ $hbw, not reaching: higher than twenty feet. 
TfaiTf are»of m^efatef'^iife, ftetil one aiid'k haf to three feet in diameter, 
generally Wiindcki ahd worti. In ^kamining more ctosely into their bora- 
pdsHfon, I fonnd them* t6 be for the most part trap, of the vjurieties known 
as' sienit^, amygdaloid, and varioloid, with some few conglomerate 
and sandstone biocka-^-all of which occur on the island itself. This, 
togi^the^ with their liiAltaliOtt' txs the immediate vicinity of the shorfe, lead^ 
me to believe tifftt they beldng, lik^ those of the- Saut, to the alluvium. 
18««tfdei« are ffl««i' less nttmerdus in the interior of the islaiirf; and ther 

^ opinion WAfe eveii emertaffte* by some that they were entirely wanting. 
to««o68iilgth5d' island, however, along the fibt tier of sections in range 
37* I'^KJcee*Efd in defecting a gratiiti^ boiilder in the vicinity of Lake 
Deiftor, betwe«^ thd second and third ridgef, at a height of SGO'feet. 
OAerbiha^^ beenfo^id in sMtMr positions hear thfe eastern extremity of 
Ifae kiafiid, by Mr. F*oster, at a height hearty as great. Scanty as they 

^ tB9^ he y they ja^or A ^ neVerftieHesa, a proof that the same agency which' 
sisMlered th0 brtttldiirs ov^r the slopes anfd terrfttfes of the softtfi shore 
httd also operate hfere; and, since theteie/ no granite to be found 
on the islafld- itsiflf, there cati hfardly h6 doubt that they have been^ 
derived, like Ihegrawtebouldefs of Kewieeftaw Point, from the Canadian 
shorev Dt*ere it occurs in g»ea« q^mniilied. 

- PoUsikM ahd strateh^d surf an^e^i. — If drift de^ttids are scanty on Isle* 
lloyrie, th^ ^enoniehoni of the ertatie sctatchtes and furrows is the more' 
BfpofefA* Th^ trap ledges being hatfl, the raarkiiigs have been pre- 
served witfi great distinctness; and these are rendered still .more con- 
gpkuM^ by rtife denJudation of the drift. I noticed particularly thle pol- ^ 
i^bM[ appearamce of the rocks along: the* eastern portion of the southern 
sYtme of the^idand. The best opportunity* for* a detafited* examination of 
the glacial ph^noTwena/ however, is alferded »t tfee eastern extremtly of 
the istand, wfiere sev56*at narrow spits or promontories project into the- 
Ifake. One of these IS Scovilf's Point; it is rather n'arrow, with a gentle* 

, Aopeop the sonth side, whilst the northern is very abrupt, l^e wholes 
promwrntory is entirely btrren; so that all the pecuHarities bf the surface, 
wilh its gentle sweHlng:s awd deepy trough- like depressions^ may be ettsily 
embr^eed in a iingte glanoe. Mr. Whitney and myself wbre struck with 
the closieresiemblanoe Whi^h tibese rounded and barren spots bore to some 
of the higher portions of the Alps: as, for ihstanee, near the Giimsel. 
There is hardly a sharp angle to be se^n on the whole promontory, eX- 
«pic where it is the result of recent distatefgfratioh; The trough-like de- 
;>reK$ion9 are jtis« as smo^h as the knebs, and oftentimes fJlledVithi 
visiter, in which I ooll^dted several species of sliells and a small fish — a 
8p0ciesi0f stiekeKback* 

The glacial furrows, although greatly worn, were yet easily distitt^ 
gulshabte in several places on the knobs, as well as in thetroagfhs. I 
liand their direetion to be north 50° east. Even the northern side ofthe^ 
jftbmontory is b^re, Iri spite of its vertical slope, smoothed and polishied, 
with distinct indications of striSB, shoeing that the grooving agency hasi 
acted on both slopes at once. This is owing, np doubt^ to the circum- 
gtanee that the direction of Scovili's Point coincides pi*eci$ely whh that of 



the striae, whereby both sides came under the influence of the' iurro^ving 
agency, whilst in other places there, is but one side which has been acted 
upon — ^the other (the lea side) being sheltered. The whole northern 
shore oi Isle Royale maybe considered as one continuous lea'side, in refer- 
ence to the furrowing agency. Indeed, no sooner has* the last pfomontory' 
of the island been turned, than the rounded and polished appearance ot^ 
the rocks disappears entirely. The shore, for the most part, presents- 
nothing but high, steep, and rough walls of trap, without any indication: 
whatever of a glacial agency, except on some of the isolated islands,- 
whose sides are occasionally smoothed, but only on their southern slope.' 
After having turned the western extremity, and passed Washington- 
Harbor, wa meet again with stTiooth and rounded surfaces; but, ftomr 
the nature of the rocks, they are less conspicuous^ The shore being com- 
posed here of sandstone and conglomerate, it is not expected that theyt 
would have resisted the disintegrating influence of the atmosphere as weU: 
as the trap. Yet t^ere are undoubted traces of glacial action even on the 
(Conglomerates, whose surfaces appear rounded a^d smooth^, all the 
pebbles being generally reduced to the same level. In some cases, thei^ 
may also be se^n indications of furrows on the sandstone, and even on the- 
conglomerate. Farther east, lK>,wards Siskawitbay, where the sandstene! 
disappears and the trap again sets in, (see the mapof Isle Boyale in Messrs. 
Foster &' Whitney's report,) the scratches and furrows resume theiti 
distinctness. Chippewa harbor deserves in this respect a special notice.' 
It appears, at first, as a mere notch in the outer trap ridge, its back*; 
ground being limited by a wall of highly polished sur&ces of a very etri- 
ing aj^arance. There are also seen in several places distinct marks of 
striae and furrows, which show the same direction as those described; 
previously ^t S^vili's Point; namely, north 50*^ east. The most pronii** 
nent, however, are on the left side, immediately at the entrance to the 
harbor, where there -may i be seen not only striae and fur;?ows, but alM 
powerful excavations, some ten feet deef), and ^mtwelve to fifteen wid^, 
extending sometimes from fifty to one hundred feet in leogth. There ei«, 
besides, in the background of the harbor, fine instances of rocks, polished) 
and worn by the mere action of the waves, which fo?m a curious oontrast 
with the glacial surfaces above, being undulating and scooped out in every. 
possible manner, whilst the latter are remarkablyuniform. The develop-- 
^ent of the Arrows and strite within this harbor is the morts remarkable 
ai5jhe> rocks oqt&ide show not the leastindicationsei similar phexiomea^^*-°k 
the ledges along ihe coast being, on the contrary, very rough and broken. 
This can be accounted for only by supposing that these rooks, which^ 
are now so broken and irregular, were once just as perfectly smoothed audi' 
polished, as those within the harbor; but that, being brittle, and exposed <to» 
the most violent action of the wav^ and gales, they ha^ve.been destroyed; 
whilst others, being more sheltered, have retained their prhnitive beaiit/« 
There may also be seen in the background of Chippewa harbor an aceii* 
mulation of angular boulders, which must have been stranded thereby 
ice very recently, for they are observed heaped tip around large trees, whieht 
c^tainly have not grown in this condition. Finally, Isle Royale affords 
many in«tances of strange local deviations in the distHbution of the sttsm* 
On' the shores of Ackley bay I found on the trap ledges, striae running dua 
east and west, and crossing others whose direction was northeast and 
southwest, and others again running south 75^ east. I notieed further^ 




dmt all the ^sliifB^ although teiy ^iatiodt, w€ve limits ta a mrmw space; 
.not exceeding two feet aboi^ the sur&ce of /die trater, and not leacbtng 
^noie dian 1| fe^ below^ whilst the y ^^ 

barren ledges above, although munded 
and smooSfied) did not show any dis- 
tinct striae a furrows. lu this ease 
we amy well be induced to ascribe 
their origin to the ac^on of the ice 
dnven hy the wind on the shore/ 
and rubbing against the rocks — some- 
tiBftee in one direction « sometimes in 
another. See figure 45. 
- The question may be asked, how it happens that, being situated in the 
middle of th^ drift region, Ide Royale aiibrds so few traces of it? I will 
not conceal that this^ is a difficulty, since, although the island is very hilly, 
y^ the jridges nowhere exeeed six hundred feet — ^a iieig|it at which drift 
sand and even drift clay a^a found almost everywhere on the main land. 
We nuisteither suppose that there has never been any drift ^on the island, 
OF else that it once existed and has been afterwards removed. The first 
supposition 'W)ould seem the most natural, were it not for the few erratic 
boulders which are, scattered OTertheridges,.and which in this case would 
bave been the jonly matedalsithat the drift agency dropped. Now, it is 
difficult to Gonoeivehow boulders should be isolated irr this single place, 
whilst they ape everywhere eke connected. Is it not reasonable to sup- 
pose^that theidand has undergone a general denudation, whereby all the 
kiose materials have been sw^pt away, with the exception of a few boul- 
ders whieh remain as witnesses of the glacial agencies? At any rate, we 
ought to remember that this is not the only spot where such absence of 
diift occurs. The extremityof Keweeoctw Point) as we have previously 
shown, is likewise barren of drift deposifes; and here> at least, the sup-^ 
position of a subsequent denudation s^ems to be beyond all doubt. 

Dri/i^ deposites east of KBismenaw Point, — ^The $hore of Lake Superior 
east'of Keweenaw Point may be divided, <as &r as the drift is concerned* 
into three distinct regions, in each of which it assumes a pectiliajc 
cfa$traeter, and is connected with, or dependent upon, the orographical 
8tfuesture:Qf the country. Th^se regions are4— * 

lat. The gnanite mid iron re^on, extending from the Anse to the^ 
mouth of Chocolate river. 

2d. The sandslolae region, extending from ChocQ^ate river to Grand. 
Sable, and including the beautiful eUffs of the. Pietured Rocks. 

3d. The saasid region, ^xtendittjg from Grand ^Sable. to the Saut^yhere^ 
no other than quarternary formations are. to be seeQ. . ' ; 

Drtft 4kf tfm grtmite und- iron region* — The granite region near the 
Anse, and the adjoining iron, region bftek of Carp. river, are both distiun 
guished by their hilLy character, being composed of a succession of ridges 
running. fro«ki J^E. to SW*) and rising to higher and higher leviels towards 
the anticlinal axis. The projecting spits ,and promontories are generally des<9 
titute of drift deposites^ but the intervening bayaaie linad either by a drift 
teivace or by shingle beaehes of alluvial materials. That portion of the laker 
shore between Granite Point and Chocolate river is particularly interesting^ 
For a long distance, especially in the vicinity of Carp river, it is lined by 
a jathec low i'^jpme of drift, rising flx>m twplv« to e^htew fe^t aboye tb€i 
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water and ciptnpcmed of sand and gmvel, aometimet d^inctly sttatifidd; 
with specimenfi of cioss-sittjatifiicatioii^ atui aomeHniies containing a great 
many large pebbles and boulders, so as tti reeambfoeoaBfee drift. i laaanw* 
places to the west of Carp river, i^ear Worcaetery the led clay* is ^so to bs) 
seen cropping out from the base of the. tprraoe^. where itspaeaenae ia^ 
usually accompanied by numerous springa.. la the rear of tike fbat tan-^ 
race, there is found another much higher, rising from My to one bwndrad 
and fifty feet above the level of the lake^ TheilaUev is sometimes closai 
by the lower ter]:ace, smd sometimes it i». separated froon it/by aspfuceiniaitt* 
or less remote. 

Fig. 46. , Tha figuf«8 46^ 47, and 4d 

will show tberalativepositiiaiin^ 
thiei two tanaaea lat. ihaeis difier- 
e4t' paints, between. WopceatcB 
and the nooiirtDof'Gaqa.rifvaiv 
within tfaehdmtanoeof ,& inii«« 
J^ Aa to its^ struetiire, the i^pae 
^ tanaoe) seeiwt to ba ccuMfoaed 
altogather of sand fimar tba» 
that of ' die lower taivaoay and 
with £bww pehbtes uidibouIdN 
ads. dntaf apamed tioaoughiitj if 
wa now asoand' tha upper tacwi 
racoy in* order toi ei^ia < tiia 
country' inla^d> atong one odf 
tha section iiaa8> we find, tha 
folloiwing ftacusaa^ Tha.topof 
the VtttmB is a plateau^ coireMA 
generaHy with fine ^bi^e^tSy withant much u ndergrowlh-«-*tha predemiinatin^ 
irees being maples, interd^iaad with large hesikieks, whate.pinaa, and 
sometimes birches and aspana^ ThiS' plateau^ which would > no. daab^ 
stflbrd an excellent soil for agriif^ltara, rtset' with a shght stope towards 
the s^uth, tiil we reach the fimof the rocky ridgea ranging ivoai fiBi a> 
SW. wher^ the dtift thins om; thie aanmiieof thie>ridga ilsalf.baHkggeHaNi 
raliy destitute of it, while bouldera and fuvrawH» are^tf &B(]pientOGonmi]QM«r 
This, however, is not the limit of tha drift to the south, for it aqppaaaa 
again beyond i^ ridga^ where itfeni^ either anotbair plateaus, if the next 
ridge is at some distance, or fills up merely a valley, if the two ridgaajwai 
close to each o^er. A succession of loekj hills aiid dri&'. plateaus er 
valleys are th«fs to be traced alik^ost td the highest etatnation of the coun^ry^***^ 
near tlie* dividing ridge, each feilowing plaieauor valtay Baiaag eommoidy 
at a higher level than the preceding^ 

In many places, the drift haa been greatly washed off) and it is npt on- 
usual to find the margin of the upper temices scooped out in deap guUiea^ 
ttrhich are oftentiniles to be tr»eed fora great< diatance alonff tha sioeiaUeta. 
rivulets. These gullies are very striking in the vioinity of the mputh.of 
Carpriv^r, where they retisanded me pf simitar ones in the datrital de« 
posites of Switzeriand, which go hy the name of ^*"MMb aontugneaJ'' 
They afibrd sometimes an exceUent opportunityto investigate the naCttcef 
ef the drift. By far the greater portion of thO' drift diepoaite faaie, as wall 
da along the shore, is composed of sand. Tbara may be aaan,. bowa^ier^ 
in several localities, distinct traces of day-^^aa, foi* inataioe, near Teal 




hake. Boulders are found scattered o^er the 'whole sirrfaee of the drift de- 
posites, as "wt^l as on the' ridges depriipfed of it. Some granite boaldew 
hare been observed by Mr. Hill even on the summit of* Silver monntain, 
'ftuTteen miles southwest of L*Anse, at the height of one thousand feet 
^ebove the lake. Slffiilar ones were noticed by Mr. Whitney and myself, 
inland ^from Uarp river, at a height of 900 feet. Thetef may alao be seen, 
on the drift terraces of this region, indicatiorw of narrow ridges, composed 
of grav«l and* pebbles, similat to the flwar^ which occur along the coast 
of Sweden. One striking instance of such OBsars> or ridges, may be seen 
'<m iSieioad leading' from the Jackson landing to Teal lake, a few miles 
'fiom' the shore. Therfeean be but little doubt that, if the country was 
'tsleaied of ^oods, such ridges would be noticed in many other places, for 
^eyaeem to* accompany the drift wherever it occurs in extensive tracts. 
^e color of th^ drift: *(of the sand as well as of the clay) is that same 
•faddish-yellow Which prevails west of Keweenaw Point, over the whole 
'Of the copper regFoiwfoflPhere, it seems namral that it^should have this 
color, fee it rests almost ev^ywhere on red sandstone, from which it ia 
^supposed to have been derived. ^Here, in the iron region, on the con- 
trary, where the prevailing^ rocks are black slate, dark greenstone, and 
ridges of iron ore, it is evident that the drift cannot owe its origin to the 
decomposition of these locks, for, in that case, it would necessarily be 
'blaek, or at least very dark^eolored. ^There is no other rock to which it 
ean be referred ;'bttt,'sittce sandstxme occii^rs here in the immediate' vicinity 
«o$tbe lake sheare, the presenos of red drift to the south affords additional 
'evidence that not only the boulders, but die drift sand and clay, have 
^he&a^ transported from north to south. ' 

PeiMed mnd grooved ^maf aces of the grrnnke aatd iron reg^ion.— With 

&e exertion of Isle Royale, the phenomenon of the poiished and grooved 

*sttlr&jces is nowhere mofre frequent and striking than in thegraaitCiand 

*iron regions, it is met wiih along Cbe^fshore wherever a rooky wpLi pro- 

jects intt) the lAlce^ and in the* interior "whenever a ridge rises above the 

common level of dhe drift plateau, or yrrh&ce the drift 1ms been removed. 

'TKis frequency is owiag' to the fiict that most of the rocks of that region, 

and especially those which occupy a promiaent position, are very hard, 

and, therefore, have preserved most of the marks which have been 

stamped' mpon than by the so-called erratic agencies. Indeed the rodcs 

ffire not b&ly smoothed and pdijhed in most places where they appear at 

the surfkce, but also, distinctly grooved and scratched. 

Along the coast, east of the Anse, scratches, furrows, and grooves may 
be seen in several localities. According to Messrs. Poster & Whitiwy, 
fall the tedges of gnanite and hornblende between Oranite Point and Mead 
river are distinctly smoothed and scratched. An island imnssdiately east 
of Dead river is especially remarkable in 4his respect. The rock, which 
bvery hard and tough ;horableade, is not only grooved and furrowed over 
its whole extent, but there are, besides, deep, trough4ike depressions, with 
perfectly smoothed walls, some twelve to tiiteen feet long, four feet wide, 
and two and a half deep. Mr. Foster observed th6re two systems of 
striaB--one running north and south, and the other north 20° east .and 
, ^outh 30° west, the latter system being the deepest and most distinct. 
Similar troughs were observed by Blr. Foster on Middle island, east of 
Granite 'Point. Here, too, may be seen troughs four feet wide and two 
•feet deep, running, filce the stria^^ north WP east. 

/. 
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The locaKties, howeter, where 1 foUnd the striaB the most distinct, aife 
the promontories and islands near Worcester, two miles west of the mouth 
.of Carp river. The rocks are a very tough hornblende and chlorite skte, 
which seem well fitted to preserve even the finest lines. There may he 
seen^ near the mouth of a rivulet, several ledges whose northern slope 
is covered with striae as distinct as if they had been engraved but yester 
day. 

Indeed, with the exception of some localities on the black limestone in 
the Vinoasky valley, Vermont, and some others on the slates in the fiord 
of Christania, (Norway,) I do not remember having ever seen glacial 
striae so distinct. The figure 49 represents a ledge with a sl<^ of from IGP 

to 20^ at the water's edge, where 
they are the most conspicuous. — 
There are two distfnct sets of striae: 
those running north 55° east are the 
most mim^oiis; thoseTunning north 
6°. cast tlie least. The latter are dis- 
tinctly seen crossing the others, and 
are, therefore, more recent. Some of 
them are, besides, distinctly curved, 
as if the body which produced them 
had been deflected in ascending the 
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slope— a peculiarity not yet observed elsewhere. Both sets of strias 
extend here but a little way below the water — generally not deeper than 
one foot. This is the most eastern point where striae occur along the 
shore, and, therefore, the first which comes under the observation ot 
geologists, when coasting west. The striae and furrows are not less con- 
spicuous in the interior of the country, and may be traced at all heights, 
and on all kind of rocks, in the neighborhood. I found them 5€0 
feet high on the summit of the quartz ridge in the injpfiedifae vicinhy 
of Carp river; 750 feet bn the iron ridge south of Teal lake; and as high 
.^s 1,000 feet on a ereenstone ridge near the water-shed. 

Among the most remarkable are the striae on the quartz, if we consider 
the very great hardness of the rock; and, indeed, with the exc.eption of 
some quartz veins among the granite of the Alps, I >know of no othe^ 
localities where the striae rhay be traced for any considerable extent on this 
rock. The -surfaces of thes6 quartz hill§ are in some plaees so smooth 
as to glitter likp mirrors in the sun, and may thus he seen fi-om far. 
The rock is too hard to allow deep furrows; the groovings are, therefore, 
merely very fine striae, but of such distinctness that one would think 
them to have been engraved by the point gf a diamond. Their direction 
on the nearest quartz ridge is, according to Mr. Whitney, north 20^ east; 
but on the second ridge (at a height of 531 feet) I found their direction to 
vary between 25° and 30°. No geologist can look at striae on such a rock 
i without being convinced that the action of the water is utteriy insuf- 
ficient to produce such effects. The same inference may be drawn frofla 
the polish and striae at the top and. along the sides of a very remarkable knob 
of conglomerate-quartz in township 27, range 25. Notwithstanding the* 
variable hardn(ess of the pebbles of which. this coAglomerate is composed^ 
the striae on it may be traced in an uninterrupted manner sometimes for a 
distance of several feet, passing successively over'a pebble of granite, of 
hornblende; of slate, of grcfenstone, and of iron ore. Their average direction 
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is north, varying from 50^ to 60^ east. Strise are also to be seen on 
the iron ridges, sometimes on almost pure iron ore — as, for instance, on a 
ridge along the road leading to the Jackson localioq, two miles south of 
Teal lake. Their direction, as far as we could ascertain without a 
compass, (which is of course unreliable here,) Js north 5(F or 6()° east. 
Finally, 1 would make mention of a green raagnesisui rock, with*vertical 
walls, to the east, along the road leading from the Jackson landing to Teal 
lake. The walls, although almost semi-cylindrical, are covered with striae, 
which may be traced along the surface, like hoops around a gigantic cask. 
Fig. 50. This is an important instance, since it goes to 

show that the striae could not possibly have been 
made by an iceberg, or any other body floating 
the water, but that the agency must have 
been such as to conform to the* direction of the 
rocky wall. 

As a whole, the direction of the striae in the 
several localities where they have been ob- 
served within the granite and iron region are as 
follows: 




Main 
direction. 

^.20''E. 
N. 20" E. 
N. 65" E. 



^Secondary 
direction. 



N.— S. 
N. 6^ E. 



N. 20OE. 

N. 509 60° E. 
N. 55^ E. 
N: 65^ E. 



On Middle island, east of Granite Point - 
0« an island, east of Dead river - 
At Worcester - - . - 

On the first quartz ridge, one mile from the 
mo^ith of Carp river - - * 

On the quartzose conglomerate knob, town- 
ship 47, range 26 - - 
On the Iron ridge south 'of Teal lake 
At the Jackson forge . - 

Although there is considerable variation iti the direction of the strise and 
fujrows, yet we cannot fail to notice that they all run east of north, 
whilst we have thus far seen none running west of north. The direc- 
tion northeast and southwest seems to be the prevailing one, especially 
en the ridges in the interior. It is also, as we. have seen, the prevailing 
one on Isle Rovale. Along the shore the direction seems somewhat more 
northerly, (N.''2(P 85^ east,) corresponding to that observed on Kewee- 
naw Point. ^ Finally, where two sets are seen crossing each other— as, for 
instance at Middle island— the northerly dire<:tion has thus far proved to 
be the more recent one. m j 

• Drift of the sandstotie region east of Keweenaw Point.— The sandstone 
region east of Keweenaw Point extends from rhe mouth of Chocolate 
river to Grand Sable— more than sixty miles— including the high range of 
•«fiia Pictured Rocks • 

From Chocolate river to Traine river ^ for a distance of twenty- five miles, 
<lhe shore is bordered with low, alluvial deposites, with pebbly beaches 
And hillocks of blown sand. Three small rivers efupty into the lake along 
'this coast, nearly at equal distances from each other, viz: Fish river, 
liaughing-Fish river, (Riviere du poisson qui rit,) and Pebble river, (Riv- 
tore aux galets.) The rock in place is exposed to view only on a few pro- 
montories; but th^ land rises considerably in the rear, and there is every 
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^probability that, i» fcllowiDg up any of th^e rivers, tfie 4Hft may be en;- 
CQumtered. at no great distajac^. 

After havii;ig passed Pebble river, the '<§fiBdstone intersects the sbore^ 
forming ratber law bluffs, .covered with a deposite of d rift- loam frani: ^v^ 
to tenteet thick. Then tbe ground rises puddenlyto the height, of ni^arly 
.one hundred feet. We noticed that .its slope was coveted with ^.st^lige 
^mixture of detrital n^ater^als, composed of huge aBtgular fragments of 
sandstone and of rounded .gr?tnite boulders, giving it the apps^rance of a 
vast accimaulation of yery coarse drift. Having landed there, I soopi 
noticed regular sandstone strata beneath the detrital covering; and satisfied 
myself that this strange mixture was owing to the disintegration of a 
soft layer of sandstone near the top of the cliff, which? in scaling off, had 
caused the layer abov^ to crumble down, together with the deposite 
of drift which caps tbe surctmit. The drift at the top of the cliff attaias* 
here a thickness of twenty -five feet, and is remarkable for the quantity 
,of large .boulders which it contfiins. Beyond this point, the sandstone 
disappears .again from the shore, and the coast is lined for some distance 
A^ith a drift terrace from fifteen to eighteen feet in height, in every 
respect similar to that which Wef have described near Carp river. 

Traine* bay, which follows next, is lined with shingle beaches and 
dunes. Having ascended Traine river, which empties into this bay, 
We reached the drift terrace, after having. threaded the innumerable wind- 
ii^s o( its channel, through a low and swampy plain, at a distance of only 
a few miles from the coast. " ' ' 

The terrace averages from twelve to fifteen feet in ' height, and is com- 
posed of a rfeddi^h sand, with many pebbles {scattered through it Th^ 
same drift-sand, although less loamy, prevails also,afround Trains lake^ 
some five or six miles inland, above the mouth of the river. 

Beyond Traine bay, begins" the range pf the Pictured Rocks; the mtost 

romantic portion of the southern shore, extending some ten miles from 

Grand island eastward. Though highly attractive oj>account of its scenery, 

ithis region is less important in reference to the drift, which plays here "but 

ra very subordinate parL However, there is seen at thfe top of the high, 

-toweling bluffs a stratum of loose materials from ten to thirty feet in thick* 

aiess, composed of pebbles andT)oulders, intermixed* with loam and sand; 

.1 consider this deposite, like that formerly described' as occurring on the 

tsummijt of the Red Castles, as belonging to the coarse drift. The most 

striking feature is derived frorti its structure, being composed, almost exM 

'dusively of fragments detached from the sandstone ledges beneath. 

Although imbedded in a kind of loam, the fragments are but little 
worn, whereby they differ essentially from the boulders and pebbles im- 
bedded >in the drift clay., After a careful examination of the materislls in 
several localities, I fourfd but few foreign pebbles among them, chiefly 
. firagpcnents of trap. 

There are some few places, however, where a stratum of drift-sand may 
be seen covering the coarse drift. . Such ah instance occurs at the top of 
: the Grand Portal. It was at fi At doubtful whether this stratum, which 
is very homogeneous, had not, perhaps, originated from blown sand from 
below; but, on closer examination, I found tiiatit contained a cert^iin num,- 
ber of rounded pebbles, which rendered such a supposition inadmissible. 

- . r I . ■ I - - ■ . , ■ ■ „■■.,-■-, ■ . , , I ■ ■ ^. 

* Traine is ap antiouated French w^rd, atilHn use airoig thC'Canadian French, for ttiitneau, 
a sleigh. We heard from one of our voyagebrs that there had been, for a long time, an old sleigh 
mar the moutJi of the river: hence probably its name. 9 



BUCKO, ««r. ao» 

-The BVem^tfei*!l(i}«KBX)|'tM3 swid sinflwini ,ai the wpoTthftPiclorftd 
RoeJis, does not QEceed. lea fe«t> although it is. in -Mme places aa thiok « 
thirty feet. 

■. Along ttje whole range of the PiijtHred Rocks, there are but twotlocali- 
tiaa vben the high wi£ is intemipted eo aeto«ff(»d a safe landingnfJaoe^ 

■viz : at Mltier's river and at Ctjapel river, near the Grand Portal. The 

i'first of tbsse two rivers empties into the lake near a most picturesque pro- 
montory, which Mr. Whitney calls Miner's Castle. To the east of this 

.pronaontory extend?, for the distance W nearly a mile, an alluvial pkin, 
covered with ancienl teaches. The 4rift ap^ars at the surfece, but there 
is little.doubt thtft it may be ibund along the banks of the river. A coa- 

fV^eraUe layer of dtiftx>ccui»oa dieti^pof Miner's Castle, composedfof-a 

.TVhitish clay filled with pebHes and fragments of theuudeilyieg rook. 

At Chapel river, the high qliff is miemipiei^ for the spao« of half amila, 
■where tire coast is lined by a drift teirace some thirty feet in height, ibeipg 
the border of a plateau stretehisg for sevenal miles inland, and zoVtiied 

,wilh pine ope«ing». Thrae, I had a fine opportunity of «iainimng 
the r^jaliouof the drift 1f> the surrounding cliffs. At the westnti^cornar . 
;pf tiw owning, ttie difiHeot sandAtooe strata are abmptly forok«n„som9- 
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with bold prnjeotions. There, 
I saw drift Bot only covei- 

■ iiB^the Itfwer steps of tfiiis gi- 
gantic atair-case, but filling, 
ItkiBWiae, the space between the 
projections, as fbown by the 

■ ic^lowingdiagntm. Itia obvi- 
■oua from this fact thatthe cliffs 

J of the Pictured Rooks ha4alrea- 
. dy,atthetimeof tbed^ioaition 

i of the driftythe same iiregiilstr 
Andbrokenoallineswhichren- - 
■Ag. drin^;rav«I. i. .mdatona. der themeo UODSpiCUOHS ROW. 

It |s well known tisati the top of the Pictured Rocks is<not a moufttain 
,qor a ridge, b^f, merely the margin ofa sandstone plateau, whioh risee 
. hiei« abriifUly to the height of nearly 300 feet. Having ascended the ells', 
near Miner's river, we found the plateau almost level; yet, most of the 
.livulet|S, instead of entpl^^ into the lake, run southward, so that the 
water-s^ed is here neu the veq'y margin vf the cliQ'. Although the sur- 
^^ceof the:|tl4teau is thickly wooded and partly covered with swamps 
■even at its highest levels, yet. wherever the soil is removed, we found the 
undeilyiug Tock to consist of sandstone, and it soon became evident to me 
that the drift plays but a very subordin«te part, being confined merely 
.to some scattered boulders and pebbles. - 

., Np gjacial forrows and groovings have been observed within this district, 
whidi is not to be wopd^ed at, if we con^d^ the nature of the prevail- 
iHg rock, being .soft, and, gasily decompoe^le sandstone. 

DIUTT OP TtfE AAND BEGION. 

This region, the most knponMit as far as the drift is concerned, begins 
■wh«e the cliffii «f the Kotuj«d fiocka, after having sunk within a few feet 
14. 
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bfAhb Watet'i^ edge; ate suddefily replaced by A high ridgie df Ids^iftate- 
!rials, called the Grand Sable. Prom thence, ^long the whote length of the 
ceastj to the Saut, a distance of nearly one hundred miles, there Is lib 
dther flirmation than drift ^nd aliavial iieposites id be seen. ' Th© latter is 
the most prominent; but wherever the drift conies close to the shore, it fe 
•generally in the form of high terraces, with abrupt slopes, e^cceeding" *t^ 
-the ^highest points of the Pictured Rocks — e.g., at Grand SaWeand Point 
•Iroquois. * - ... ; ■ 

f 1 The Grand Sable, from its peculiar and very striking appearance, dt$- 
serves fei mote ^curate description. The traveller,' itt coasting alongthfe 
•beauftful and thickly-wooded cliffs of the Piclttred Rodcs towjanls the 
Sattt, after having seen the cliffs of sandi^cne gradually defece-BdWithinf a 
few feet of the water, is suddenly struck by the appearance of a higM, 
'tiaked wall rising immediately from the lake, and extending for many iniles 
4n »h^ai^rly direction. ■ (See diagranfi 53i) • - • 

' The contrai^t afforded by such a barren traet in the midst of the dense 
^forests which extend all around is in itself* most remaikable — the more so 
'^s^tt s^mts^at first'', to be nothing bttt agiganticJieapof Ioos0isAnd;i Iki< 
deedy since Schoolcraft first described it as a dune, it has jgenemlly been 
♦ thus represented by all subsequent writers. Besides^ the feet that the 
.clifTsofthet^ctured Rocks to the west of Grand Sable are of a very loose 
-irnd easilv-decomposable sandstone, seemed to justify the idea that this 
-high satia-ridge might be nothing but the detritus of decomposed sand- 
'Ktone stlrata, heaped up by the power of the northwest winds, which are 
'known to be the prevalent ones on the lake. But yet, it seamed difficult 
to conceive thiat sand should accumulate to. the height of 366 feet in 
that single spot, whilst at other places along the shore — for example, at 
White-Fish Point— the dunes should not reach higher than from forty to 
fifty feet, though the winds are equally violent. Even along the seacoa^st, 
under the influence of the oceanic gales, the dunes do not attain so great 
a height ;'for those of Provincetown, onCape Cod, which are certainly the 
most remarkable on this side of the Atlantic, do not exceed eighty feet. 
Halving landed on, the promontory at the entrance of the bay, bordered 
by the high,) barren ridg^, in order to investigate the subject diore closely, 
we soon discovered along the partially naked cliils a distinctly marked 
lift^,^(«,) which was found to be tlie upper limit of the red clay. (See 
figure 52.) ., - ■ • ' ' 

Above* this clay was a masts of sand witH in- 
dica«iotisof horizontal stratification, which, fiotn 
its appefarance as Nrell as fmm its position; we 
recognised as the drift^and. 

Taking this fact as a standard^ We followed 
the Cliff towatds the east for some distance, and 
were aWe to recognise all aloiig^y the feame r0la- 
' ti ve position between the day and sand . Thus, 
we ascertained that the dune-ltke aj^^rance is 
owing uierely to ai^extefnal covering of loose 
sand, and that the main body of the ridge is 
made Up ci drift satid and clay, the latter ap- 
pearing at the surface in some spots, which are, 
indicated by occasional clumps of dwarfish trees. 
The Messrs. Whitney, havirig asiiended to^^the 
top of the sand ridge in order -to measure its 
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height, &wi^<J P^ ssaspicion entirely confinned, for they discovered at the 
TOr^top, layers and masses of coarse pebbles resting upon the sand, and 
scattered throtigh it. 

These, .of course, could not have been blown up from bel6w. They 
found the surfoce of the ridge very irregular, with deep ho|lows, and pre* 
8«hting to the south a steep slope,nsimilar'to that feeing the lake, and 
equally barren, but less high, being only fifty or sixty feet; Beyond, the 
surface of the plateau was again covered with trees. The question will 
be ask^, therefore, how it happened that a' mere ridge should' be so bar* 
ren> whilst along the shore the drift is Covered with dense forests. The 
cause of this peculiar feature iies, no doubt, fn the/act that the drift is here 
very loose and 4e«titut6 of auy loaoiy substance. If by any cause (wind- 
falls or heavy rains) the vegi^tation ba carried away, tliesaad remains ex- 
posed, to .the wi<>d9,and> being very fine and dry, it is gradually blown off 

- and scattered oyeir the sun'ounding country. Of this we have direct proof 
in the isolated hillocks oi^vered With trees which indicate the former level 
of the plateau* These will probably after a while also yield to the power of 
the eleinents^ Meanwh^e,! they give us the measure of the amount of the 

. msiteriaif which hay,e :1pe^n already t^en off from the summit and scat- 
. liered pyer. the surrojupdfng country. 

Thare li^. b^- seen in many places along the slopes of the sa&d ridge of 
, Graad Sable parallel lines — sometimes horizontal, sometimes bent and un- 
/4lulated-*-whioh m|ght at first be mistakeii for lines of stiatification. I am 
. rather inclined, however, to consider them as indications of successive 
, ^Lliings of the $$|id coatings, which would take -place when the slope be- 

- comes too greatj, as it happens with the snow on the steep slopes of the 
. AIri^ Aii^tlier s^nji^Iaxity between these sand slopes and* the snow-covered 
. wails of the.high mountains, may be found in. a peculiar fluted appearance 

- lasaiilting hota thie falling off^oi small particles in the same direction. 

F^inally, there naay be seen at the top of the long ridge of Grand Sable, 
tQW^B^ii^ th^ eastern extc^mity, some irregular hillocks, more or less ah- 
glilar^lB^hichhaye alV the appearance of genuine duaes^ and which in all 
probability were heaped up m the samd way. Between them and the 
, Imedua^s, there is^ only this differer^ce^ that, the sanjd is derived from a 
: big^r ^ppt, ingteaa pf a lower one. , 

Betweciu the eastierh ?extremity of Grand Sable and Two-hearted river, a 

distance 6f nearly thirty miles, the lake shore offers but little of interest, 

. b€ing.fi9i«fo$e4,wtii54^ covered and capped in many places 

. wiUi du4«s.' The driit^irace apjpiears, nowhere on ithe <?pa^, but is gen- 

- orally. Sjoen lining the jbiorizon at some distance. , A< Two hearted river it 
approaches the shore within less than a mile, and is composed of the same 

. «ed sand aa further west. . , It ciaes her^ to the height of fifty feet. 

.■ i.^ia-^ist&'^^^i^^^ six rpiles east of Two-hearted river, another smaller 

liver empties into the lake, kno;wu as Carp river, but, to avoid confusion, it 

haa been .designated ,q,n the map as Terrace river. . . 

r Therp , .the drift again approaches the shore, forming a succession of ter- 

raceS| which deserve.a sipeCiial attention, as being the most striking instance 
J ef thia^pefBuliar struciure along the south shore of Lake Superipr. 

Thef^.^e;^in some^ places^ not less than six successive terraces, which, 
; wh^eUf ciose tq.^ach^'qt|ier and combinedwith tile beachesj appear from 
, .Ih^'lake, like a gigai^e stair-case leading to. the drift plateau above, rising 

to the average height of nearly one hundred feet — a height corresponding 
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to that of the upper, terrace of Carp river, as described above. Mr. Whit- 
ney, who measured the relative height and position of the terraces at 8 
placa two miles east of Two-hearted river, found the following succession: 

1 . Gravel beach . .. . . .5 feel. • 

2. Sand beach - - . • .: - 12 *r 

3. Firsit drift terrace - • ... ^* . 29 " . 

4. Second drift terrace - • . . M ^^ 

5. Third drift tenajce - • . . , , ^ yg 

6. Summit of plateau -. - . , . , 94 

The po8itiie>ii of th^se different tetr^es, $s well as their lelAtfon to feaxA 
other, is represented in natural proportions in the diagram fig. 63. 

Fig. 35. sit win be icfeh that, 

ahhbugh the iSRitfehfee^ <|>f 
* the four tlprpeif ifefrskJe* ate 
yaifaWe, yet tKrtr tik>p^ 
are rather vmifdrmybeiiigdn 
' aw ateWge W^ , The jslopfe 
*of the two to\ver teitn<<3{*» 
w^aiie, 0ti the c)6httary, liiuch 
less, being from 10® ta 
12°— a circumstance fnili- 
mately connecited *#i1J> their 
origin, fbr they are * trie 
beaclies, having been actually. JwiiW «(p by the actiou of the waves; whifet 
jlhe tipper ones indicate merely <he denudating action which the drift un- 
derwent—the crumbling down of the sand under the influence of tfte 
waves, when the relative level of the lake and the shore was differeiit 
from what it is at present. '. 

The several terraces thus indicate, in all probability, as matry periods of 
subsidence. Since the steepness of a slope de^nde chiefly upon 'the 
nature of the materials of which it is composed, itis to be expected Ihkt 
like tiiaterials will present a uniformity of slope^ and thus it 1^ tlmt'^the 
slopes of all drift terraces are so constant. This consttocy fiittnish^s 
in itself a striking feature of the drift terraces, by which they are easily 
distinguisTied ftotn mere beaches. ' ; 

The surfec'e of the terraces is not always level, but undtilafing, aiid 
covered with ridged, as it appears frona the above section. i9omet)f these 
ridges — ^for instatice, that marked 0, in the sectibn — aire probtibljr fittici^Sit 
beaches. 

Indeed it is easily conceivable that, if thcf coist of Lake Superior were 
to be raised some thirty or forty feet, the two alluvial terrjSices, which 
are fiowclbse to the water ^ would appear in the same manner upon the n^ 
terrace, whose slope would soon be the same as that of the upper ones. 

Beyond Terrace river, the drift terraces recede sitddenly from' the shore, 
and are* not again seen until after having turned White- Pish Point, we 
reach the bottom of Tequamenen bay. Thus, the whole country ii(tfte 
vicinity of White-Pish Point, compnsiug'an area of nearly twq'huilared 
square miles, and iqcluding the lower portion of Teqtiamepen river, is 
nothing but a low, alluvial and marshy plain, which owes its origin td the 
action of the prevailing winds and currents. 
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Pqant Iroquois js, as ,we have stated be^rp, a high ridge rising imme- 
^iatwy froni the water, ^n^d^ in all proliability, corriposed exclusively of 
drift materials. Prom thence, 'the drift terrace is seen skirting th^e shore 
^bng Waiski'sh^as far as the Saut, where the Pptsdam* sandstone appears 
a^in below the drift deppsijes. There are, besides, in Tequamenen bay, 
several inlands, w^icl^ seeiii^ to be composed entirely of drift, containing a 
|te^t many Totind'ed boul(l4rs'and pebbles, from wfiich have been derived 
me stones used in the cdtfstructidn of the light-house At White-Pi^h Point. 
Iroquois island, opposite the point of the sartie name, is made up of like 
materials. Bfere I i^ptided' that a great proportion of the boulders and 
l>ebbies. were'of sahdstpnf , which leads me to believe that this rock must 
be in (dace soinewhere in the neighborhood, 

Drifi deposUes^ dloiio^ the St. Mdty^s river. — ^Tlie same drift terrace 
which we hive described as skirtittg th^ soathernshore of Lake Superior 
15 here seeii. Al the Saut, it attains a height of nearly 100 feet, and is 
^^epa^ted fifom the river by a level and swampy plain, destitute of any det- 
ritai materials except bo-iilflets,' which re])o^e on the sandstone. The ter- 
race cian be traced eastward— sometimes an the form of a regular plateau, 
xmd sometimes in tha^t of irregulp ridge? — until Ipst sight of beyond the 
Neebish' rupids. A, cpirespindipg one is observed on the' British side, 
but oif more limited extj^nt, separated from the river by a similar plain, 
and bounded on th« othier hand by a chain of elevated Hills. 

Tl^e phenofhenaof th^'^lacidl farrows are very msitked in many places 
alpng the Sit. Mary's river. • Ih the vicinity of the'Neebish, the rocks are 
sm'Mth and rounded, as though polished artificially, and glitter in the sun 
like the finest t)6li^ed surfaces. of the Alps. The general direction of 
the grooves ik N. and S., and the rocks exhibit a lea and strike side. 

Atehg the Straits of Mackinac the drift is rarely seen; but on the 
higher points of land^ limited patches are observed. Its position on the 
island of Mackinac is particularly interesting, where it is restricted to the 
fiummit, forming al stratum 100* feet thick. 

Accustomed to observe the drift occupying only the lowest depressions, 
its position here at once arrests the attention. The following diagram 
illustrates its relation to the older rocks and to the alluv^ial terraces: 

Pig, 54. Like the drift at the Saut, it 

consists of loamy sand, with- 
out any distinct stradfication, 
intermixed in places with con- 
siderable clay . 

Coming from Ihe htwer lakes 
for the first 'time, where the 
clays are buff and blue, the 
geologist is in doubt as to the 
• a. AlinTial. rf. Drift. I. Limestone. real position of thcso patches;^ 

but,, after. having visited Lake Superior and examined the drift accumula- 
tions, he.has m doubt whatever. Tb Mr, Whittlesey belongs the -credit of 
having first suggested the identity of the two deposites. As this clay is 
traced southeriy along the shores of Lake Michigan, it is found gradually 
passing into^ the blue clay of the west^ Thus., the island of Mackinac, with > 
its summits covered with drift, constitutes a most important link in the 
chain of evidence lo identify remote depositee, as belonging to a common 
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epoch. We are thus. enabled \fi connect the drift fleposites of Ijakc 
Superior with those which form the plateaux of Wisconsin and Illinois. 

The boulders on the island, which are numerous^cept upan> or are. 
imbedded iii, the drift. From their external characters, it is .iaferreidj thai 
they were derived from the northern shore of Lake Superior, 

We can account for the peculiar position of the drift here^ and, its .ab* 
sence on Round island and Bois Bl^nc, onlyby supposing that it has 
been removed by denudation. . ,, . ^ , ., , , . 

•- The topogr?iphical engicieers inform me that it is to be fqun^ on the] 
high ground in the vichiity of Point St. Ignace. Itence,. w:e infer that 
at one time it was spread over the entire area> and that. a general denu-^ 
datipn has taken place to the height of nearly 200 feet, , , ,. , 
. This denudating process, however, did not limit itself to the, removal 
of the drift materials. The island affords evident proofs thsrt the naypr^ 
an ciient rocks have not escaped. That curious and picturesque rock 
kiiown as tlae Sugar Loaf^ which rises like a pyramid, to the height of* 
ninety feet, frpm the surroundipg plain, remains a mqnument of the ^npient 
water-level. ., . • ., ... > , 

There can be pp doubt that this denudation is to oef ascribed to poi^ver- 
ful currents of water, at a tim^ .when the general level of the coi^ntry 
was different from what we now behold jt. That these currents wjere 
long-continued, is proved by the many alluvial terraces which .enQoipp^ss 
the island, of which we shall treat hereafter. No glacial furrows have 
been observed on the island, or* along the steaits; but tb.ere is, little doi^bi 
that such markings might be traced on the rocks, if- the superficial mate- 
rials were removed. The soft porous limestone which here preyails, is^ 
ill adapted to retain such markings for any great length of time,, when ex- 
posed to the influence of atmospheric agencies. . ; , i ;. , . 

CONCLUSION. • . • ' ^, . 

■ ' . • ' ' ' * i . » « > 1 , , • ' 

It is not inlepded here to give a general theory of the causes and origin, 
of the drift, since it would oblige us to allude to, many phenoip^ena for- 
eign to the district under consideration, and to discuss the many systems 
which have been proposed by various authors to solve this great problem. 
1 shall, therefore, limit myself, for the time, to a brief sketch of the prin- 
cipal periods which may oe recognised among the drift deposites of Lake 
Superior. A mere glance at the relative position and, structure of the drift 
depositee, as, described in the foregoing pages, will suffice to prove that 
the phenomena neither indicate a paroxysmal agency, nor the operation of 
a single cause, however long continued. They disclose a long series of 
events, which have resulted from causes highly diversified, and as yet but 
imperfectly known. We recognise the following periods in the history of 
the drift of Lake Superior: . . , ' 

1. The period of the grooving and polishing of the rocks must be con- 
sidered as. the dawning of the drift epoch. At the close of the tertiary 
era, (which has left tiaces of its presence over many of the States border- 
ing on the Atlantic, as far north as the island of Martha's Vineyard, in 
Massachusetts*) the whole northern portion of the continent was subject- 
ed to the operation of a general and most powerful agency, 6i which 
there is no precedent in the history of former geological ages. Thete may 



be feuod in ^v^ry s^ii|ieHtary Ibri^aiiaii, deposkes sioiilfif in <heir cos^pof ' 
$idon to those of the drift, i\xi the rocks on which they rest are nowhere 
characterized by those peculiar markings which we have described as gla^^ 
eial furrows and strias. In the region of Lake Superior^ they are found at 
all levels — over plaii^s^ and on the slopes of the hills and mountains , E vei^ 
die dividing ridge between the upper peninsula and Wisconsin exhibits 
traces of their action. It is proved that here^ as well as in Europe, their 
main direction has been from north to south — being, however, sometimes de- 
flected either to the east or to the west. These deflections are, no doubt, de- 
pendent upon theleading physical features of the eonutry . Along the sq^th 
jshore of Lake Superior we have found them running mostly from nprthr 
^ast to northwest^ a direction parallel with that of the principal ridges-^ras, 
for instancy (hose of Isle Roy ale and, Keweenaw Point.. Thieee . coincir 
dences would be. i?tiU fiirther strengthened, if it could be ascertained by a 
series, of ^soundings across the lake, that ,the main troughs ran in the 
same di^ectioa. We know, in the actual operations of natuie, of no agent 
capable of {vsodueing such ^ gigantic result as the shaving and smoothing 
of A whole continent. To thoise who aire familiar with the effects produced 
by glacier^ upon the walls and bottoms of the valleys through which they 
. tnove^ it.cannot be denied that they exhibit, the Qlosest analogy to th^ 
phenomena which we h»ave b^en desoribing« The appearance of th^ 
voc]^, as well as the form s^nd size of the striae, i^, the same; yet it must 
he remembered that, in our days, glaciers occur chiefly in the, v^eys of 
the highest mountain chaiqs. It is, therefore, difiicult to conceive ho\^ 
thejr could exist and move in awide and level country, like tlie northern 
parts of the United States and Canada. , In order to avoid this difficul^jf 
it has, been assumed that the whole northern hemisphere, as far. as erra,t^f; 
jdienomena reach^ was once coveced with a general cap of ice, ^imila^.tp 
that of the circum polar region, which, iq^ itp southerly progression, js.sup* 
posed to haveatonceampothed the rocksand transported tl^ bouldersf from 
nprthjto^ottth.* Acarefufexamipationof the positioijoftheboulcjers, which 
I have founds both in this, oounUy and northern Europe resting mostly on 
stratified depqsites of sand or clay, ha^ couYinced me that the abofve as- 
sumption is no longer admissible, so fax a^^it relates to the transportation, 
of the boulders. The remaM^ing qiiestion relates to the grooving and 
polishii^g of the surface roeks. . Heweyer iiicUned I may be, from persooali 
observation of the glacial, phenomena both in the Alps and Scaaadinavia, 
to. refer thei groovings to this agency, according to M. de C,ha«p^utier,'s 
thitory^ (which ie also advocated by M* Ag^J3sis$,)Ishall refrain from en tert 
ing into any discussion of the subje<k, for the reason that the laws^ which 
regulate tbemoUon o{ the polar ice are as yet too little known to be made 
tiie, basis of geological speculatioB in a report }ike this, the object of which 
is to statie facts and give particular information^ Whatever niay have beei^ 
the cause of the groovings, it must be admitted that an agency which \ya^ 
capable of shaving off and MVfeaiiing down such an extent of surface must 
also have beeft able to remove the detritus and to transport it from one 
place to another. I amincliinedr therefore* to ascribe to this agency, and to 
consider as coatemporan^His with it, that portion of drift materials which 
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*As to the difficulty arising from the climate, I would remark that it has befen rriost ing;^eniod8l v 
thown, in a recent paper by M. Lecog, that if poltxr glaciers have ever existed in cheso laii* 
tadea, it WM pccnibie-ooly wit^&hi^hei' temptrai(i/e. 
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r hare described as coarsei drift, arrf which, wherever it exists, is re'gtl- 
larly found at thfe base 6f the stratified^ dfeposites, having been left Undis* 
turbed by the waters of the stibsequent period. 

2. We have shown that almost every where along the southern shore of 
Lake Superior there is a stratum of red day resting on the coarse drift, or* 
where this is removed, on the polished rooks. Prom itslhiekResfi «to^ 
the commintited state of the materials, we infer tfiat during its deposition 
a long interval' of time ekpsed, characterized by no violent aigitatious. 
With this stratum begins the second era of the drift. If it should be 

ftfot^d that the continetit stood, during the preceding period, at a highep 
^el than now, as some phenomfena seem to mdidate, this circumstance- 
worrid afford additional evidence in favor of the sepaietloft of the tw<y 
period*, since it would imply a subsidence of the continent, at the begih- 
ning of the diepositidn of the clay, by which the shores of the lake were 
brtJught within die reach of the waters ta the height of the surikce of th^ 
red blay: Admitting this, we must suppbse that the former detritufs vm» 
tb'al gtkkt extent swept away, and deposited itk a m6ieqtfiet manner. 
' As'tb the boulders distributed thJioogh it, we may supposelfcat they were 
tr«tfisff6rted by floating ice^ ib the same manner as ItidftrtimipOft is at^his^ 
day effected every spnng from the borders of the northert) lakes and rivers> 
tod dispensed over the' adjacent swamps and loW^ lands. 

The qnestibit recurs as ttt the Wature of the waters — whether tfaiey wel*> 
salt or fresh. Ooiiisidering the vast area over ^hich the day h spread — il 
being traceable not only along Lake Superior> but also along the St. Mary's 
river to Mackinac, and thence along Lake Michigan to the pi-airies of 
Illihois — it would seem to have 'constituted a part of the ancient bed of'rtie 
6cean. It should, however, be remembered that we have, in former geo-'' 
logical epochs, fresh-water formations e^ttending oYer considerable areas^ 
{Wticularly during tertiary and carboniferoue eras. 

At any rate, the (Question must remain doubtful, as long as we have no 
evidence of fossil remains. Thus far, I know of no type of animal or ve-^ 
Rotable life having ever been found in the clay of Lake i9uperior. . 

8. W(B have foiind everywhere resting upon the clay of Lake Superioi? 
a stratum of gravel and sand, v^hich, notwithstanding its irregular stmc-' 
ture, is a real stratified deposite land mu«t therefore be supposed to have 
been formed'in water. Occurring at still «higher levels than the drift clay; 
and attaining sometimes a thickness of sever&l hundred ffie«. We mnslr 
^ippose that at the time Qf its deposition the country had subsided lio fl 
stitl lower level. Prom' the diversity of its stratifieatio*i We infer that thid 
beriod was characterized by intervals^of agitation and repose. According 
u) Mr. H. D. Rogers's ingenious theory, £is feature should be a&^cvibed ta 
the temporary operation of earthquake waves, sueh as are known to 
occur occasionally in our days, especially in the Pacific. Such waves 
might well have disturbed the bottom of the ocean, canying before thedi 
ah immense freight of deirital materials, which were heaped up in irrega^ 
l^r masses and hills, resembHHg the drift accumulations, if we suppose 
similar disturbances to have been of frequent occurrenoe,.they might well 
Account for the absence of all organic remains at that epoch ^ 
. I consider, as belonging to the close of this period, the transpcwptation ©f 
tlu)se huge boulders which are scattered in such vast profusion ovier the sur- 
face of the gravel deposites, and which we have detected on the very siuot 
jnits of the anticlinal axis, where no other drilt deposites occur. It might 
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ilgitations th^ ; the pickasdickgi^De. Wfe shfiuld bA eajeefuU boweiTer» na^ 
t6 judge of tbe power and violence « of m a^n^y moDel jr from di^ size ofl 
Ae materials transported; fofi if (the boulders bart) been ei>ji;v)eyad by powk 
cfffnl cutraaiS) we shouU not'Ouly fiod 4htm df diflodnished'sitse ia tbeiri 
»gfeaB(80aAi«raed^ hut alfiio jKmnded and amoodbed Iftie the aoiaUer peb« 
lies, Oq the coiitrary, we know* that ifceyajre judt asmassire at the yerjfi 
I]kBila'4»f die drift in Ohio, aa meajT their birth*p|aG6^ besides y many of (hent 
9ltor the anticlinal axis are p^rcbed, aa it were, on. the Teiry top of hari 
lOwmUaaind bnehs, whose it ts^ hardly adraiasibl^ that they should ever 
faaTeixBen hft by at inoientagency. FtntUiy, mariyof them rin spite of con- 
teadlGlGMry assertmisy haverather sharp angles, as if tb^y had beeh subjected^ 
to alight altcbtieii. I am therefore inoUned to rsuppose that tbe aurfaqe^ 
bouldera, liic^ many of l|^(^ 'buried in? the drifVrday and sand, hava beea 
transported by floatitig iee^ (not icebergs.) By this hypothesis, thm poai^ 
tton on: the summit of the <hilla^:Sen no ilojager any difficulty; for it is nat^^ 
ural to aippase that they- ahould have beeta etinndcvi upen thosb points, 
wfaieh at the timti w^re abtotei . TheiChungeaof ierel which die regtoa' 
of Lake Superior has undergone during the drift' epoch are represent^ in 
l^ifoliowing diagiiun. AsaudQung that, during the period of the groovings, 

i ' the watea» stood nearly H tha 
fr^g-. ^^- : ! same Icpnel as. now, ttie landf 

OQitst.halRe^^nk during the sec-*' 
ond pef iod to the depth of five 
handrndfeet^atid again thesame 
amount during the third period, 
TRhenthey reached those suna« 
mils, which are nftw one thou- 
sand feet above the lake. 
-;.The honldeils of Lake Superior, like thbse of all other parts of the 
eonntryv |ioint to the norths as the source . of »lheir otrigin; yet there is thia 
iifEsnsnoe, that 'Iheyai^ not generally derived from &r. Those in tbe 
immediate vicimty of the south shore balie in the. main been derived from 
the noith ri^ore, but as a whole they are not very nnmetous; and I have 
Mr. Poster's authority for stating that very few have passed. beyond the 
dividing ridge. The boulders and pebbles of the opposite slope of the axis, 
although more numerous than on the northern slope, are all derived 
firom the dividing tidge itself. The same is true to a great extent of those 
scattered over the plains and prairies of Wisconsin and Illinois. This 
ridge, abounding in eruptive and metamorphic rocks, is therefore to be 
considered henceforth as the true birth-place of the boulders scattered over' 
the western States, and wo-need no longer recur to high northern latitudes 
to ascertain their origin. The drift epoch may be considered as closed 
with the transportation of the boulders.. The waters, after having thus 
reached their highest level — during which the transport of the boulders 
and pebbles was accomplished — ^again subsided. With this subsidence 
commences the era of the alluvium. We have no reason, however, to 
suppose that the subsidence was sudden. Everything l-feads us to believe, 
on the contrary, that it was gradual, and that the same agencies continued 
to operate to a certain degree. Thus we may infer that beaches were 
formed, sand bars built up, and boulders transported, in the same manner 
as before, although at lower levels. MeanwhUe, the former and higher 
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beaiehes receded mote and more iitHh the shored; th^ <fiars^ dioals, and 
srob-marine banks appeared as ridges or oesars abore the |>bin8 recently 
laid dry, whilst new ones were forming at lower l©«mls; and whenever 
the water^ in its receding movement^ stood for a ftpfikieut time at the same 
level to allow the new shore to be acted upon ahd undermined by the 
waves, these bluffs and terraces were formed, as shown before. Now,;since 
terraces and ridges occur frequently along the great lakes, they may be 
considered as a conclusive proof that tbe subsidence was leatty ^adnal. 
In this respect, terraces and ridges, although composed of drift materiaUi,; 
belong properly to the alluvial period, as well as- the denudations' along 
the channels through which the waiters are supposed to hai^ fbeen disH 
charged. I shall Ihierefore examine them with mor^ detail in my r^poi^ 
upon the allnvium. Thus far, we are not aware o( any striking gedlo^cak- 
event — ^such as the elevation of a mounlaiii chain-^^having ts.ken [dace ' 
between the. two epochs of the drift and allwvium. It might theretoe be 
asified if there is sufficient reason to separaie them. There are^ indeed^ 
some geologists who question the propriety of such distinction* 'My chief 
motive in adopting it is derived from all of the drift phenomena^ rather 
than from any single event. \ ' '^ > . . » 

' The drift is the last phasis of any importance through which the earth 
passed before it became fitted for the habitation of man. Were it not for 
tSiese deposites, a great portion of this continent, including the district em- 
braced in this report, would have been a waste of naked and barren rocks, 
covered partially with heaps of dry sand or rough detrital materials. 
Through the long«continued agency of water, these materials have not 
only been reduced and dispersed, but also mingled in such proportions as 
to afford a most appropriate soil for vegetable and animal life. When> 
afterwards, the rise of the continent- canned the waters to re<9sde within 
their present liifnits^ they left behind them those wide, drift-covered plains^ 
destined to become^ in the lapse of time, the seat of an industiioas, in* 
teUigey^t, and prosperous nation. We think ourselves justified .in ccm^ 
sjdering the period, when the wafcers^ after having done their ^ork^ began 
to recede, as the beginning of that new and grand era which has bm& 
properly called the era of uan^ and of Fbieh the all\ivial<p^iod is the 
mtroduction; * ■ ••:'.;... 
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GLOSSARY 0** MINING AND METALLU^RGIC TERMS. 
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For convenient reference, we have Jjirepar^d the annexed glossary of tfie 
technical and provincial terms relating the science of mining atid metal** 
lurgy, which includes most of those in dse* in this ootiotfy and in bodts 
treating of these subjects. The fact that a' great number of Cornish and 
German miners are employed in our mines readily aoeotinti^ for the intro^ 
dt|ction of foreign, provincial aftd technical worts; many of which are 
already in familiar use in the Lake Sujyerioir (Sopper region; others are 
used in foreign works treating of mining and 'metalltirgy, and have beten 
adopted in English books, when we h'ave no Mrord exptessing exactly the 
satneidea. ' . - , 

In the glossary, the letter C, affixed to 'a word signifies that it is of 
Cornish origin; F,folIew8 a term adopted from the French, and 6?, frbm 
the German language. ; : i 



GLOSSARY. 



Abstrich. — ( Q ) — Impure litharge obtained in the operation of i^parating 
silver from lead ores. . 

Abzug. — (G.) — The first, very impure J itharge which is formed in thel 
operation of cupelling argentiferous leatd-^dras. ' . 

Adit — ad'U4suel.^*^A horizontal excavatioa^ or gallery through whicl% 
the mine is drained. The adit-level is ufiuaily cdmmenced from M» 
bottom of the lowest neighboring valley, and extea^ded through the work^ 
mgs-of theimine. » 

i ii^feeTc/ttrer^.-^Sharehokiejs, or those tntereated in a joint mining lenter** 
pnse. ''..•.• ^ • "1 

ii^'fnoeAiiz^.-*- Apparatus for ventilatjngt.a mine . by withdmwing the 
foul air fiiom it^ or by forcing in pure air from the surface* » 

Arch. — A piece of ground left unworked near a shaft. . , 
. Attle>.^^Viws\m\\\ «ock containing, too little ore io be worth working. 

Average standard. — (C.) — ^The price per. ton of' the iiiie copper in the 
ore^ after deducting the charge for ameUiag,trhij9h ajopiOtints^ at Swansea, 
to jff2 5^. per ton of ore. 

Back. — 'The back of a lode is that partof.it which is nearest the surface 
* in relation to any portion of the workings otf the mine^ thus ttie back of the 
level is that part of the lode which is abovie. 

Bar, — Term applied in Cornwall to a vein of a different descriptioa of 
mineral crossing the lode or country. 

Beat away. — To excavate; a term usually applied to hard ground. ^ 

Bed. — A seam or horizontal deposite of ore. • . ^ . . 

Bend. — (C.) — Indurated clay; term applied by the miner to any hard- 
ened, argillaceous substance. > 

Blackjack. — (C.) — Blende, sulphuret of zinc. ^ 

J3fawt— The air introduced by the blpwipg apparatus intp the furnace. 

Blower.— ((J.) — A smelter of ores.. ; .. : .. , »> 
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Bounds.— (C.) — The limits of the ownership of a tract containing tin 
ore". 

Bras^pie.-^(P.)^k\mm% of closely-beaten charcoal, or other carbona- 
ceous suhst$ince. . 

Branch, — A small vein which strikes out from the main lode, or 
branches from it. 

Broods — Impurities mixed with the ores. 

BroiL — The traces of the, pr^se^o pf a Ipde^ fpupd in thjB l^se.i^atjer 
at Qr. me^ the $UTface. ... 

Mvfckws,^ — M^ who bi^a^ti orhruise the ore, 

j8udlrf/w*g-.-^iSeparatipg the ores, from. the tpixture of ea|:thJ^ts^b€►ta^cea^ 
by means of a wiood^n f&me or cisterfi filled with water. 

Bunch. ^^A, small quai^tity of ore iq a compact m^8s in the tvfjin, . 

CaL-^C.) — Wolfram; ti|»g«latft^ of irjoin ?^iid «iangAi^esB. » * , • 
. Chnd. — f6.J^-4«^luor-spar, ' . .\ 

Cq^/atV. — Superipteiidentpf ajnine. 

Caunter (or contra) lode. — A lode forming an angle with the^ prf^inai^ 
^eKition of thpQther-lod^s In i^s vicinity.. 5"^ 

, CA<wjE»<^ /orf^.-— The prin<?ifl^ ., 

CUick. — The valve of a pump 6f any kind. . \ 

Cob, — To break up the ore with hammers, so as to sort out the valua-^ 
ble portion of it. 

Cockle, — Schorl, or black tourmaline: 

Co^i^.-T-Old workings' ope ji to the day. . 

Comb, — The arrangement of the mineral contents of the lode in paretic 
lei, crystalline masi^s. 

Cost-book system, — The taetbod of svorking a niine aQoording to cer*^ 
tain regulaiions, by which th^ adventurers may at 'any time ^^sign'off," 
and cease to be liable for any further expenditure.iii proving the mine. 
The plan is to insert in the ^^co^t-book" the riame slnd attdxess of each, 
of the adventurers who first work the mine, with ail subsequent transfers^ 
of shares^ and every e3tpen<6e attached 'to* the uindertakingf a meeting of 
the proprietors is held every two months, at which the purser presents: 
his accounts, made up to that period, and the shar^-holders^aie thus 
enabled to jtidge of the* i?ta^ of the undeitaking before incuniing anyi 
further liabilities. '. 

Country ,*-^^\iB strata or rdck which the vewi tuaverses; theaaiekin 
the neighborhood* of th^veiil. 

Omrse, — T^edireetion'^of the vein. 

Cross course,. — A lode or vein which intersects aafiother ataicotisideva- 
We angie, aoS which fi^qiletidy throws the first out of itsco^urse. '• 

JJr^ss^eouni'e spar,^ G, ) — ^Radiated quartz. , . , 

Cross cut. — A level driven at right angles with another to intersect the 
*lod6'.' " ' <■ i ■ . ,! ; ' 

Crop, — The best ore. % : ; . 

Crop-&uf. — To come to the swrface; referring to strata. ^ '^ v. 

Crush, — To gripd th% ores without water. 

Cut. — To intersect by driving or sinking. 
• Costeaning, — Discofvering the situation of a lode by sinking pits in its 
vicinity, and driving transversely to intersect it. 

Cofertng. — Securing the shaft from the infiux of water by ramming 
clay, «fcc., around the sides of the timber. ... 
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Dam — .^Cj-r-Choke damp; foul air. 

Darrliitge. — ( O.) — Residue of copper in the process^of separating silver 
from copper in the liquation process. 

Dead-ioark, — Work where the vein is not jMroductive, or work which is 
done without obtaining any ore. 

Deaffs. — ^Rubbish; attle; veinstone barren of ore. 

Dialling. — Mining engineering; sfurveying within a mine. 

Dish, — (C.) — That portion of the produce of a mine paid asiy^rent to 
the owner or lord. 

Diss^eing .-^HxedisXng down the strs^^ froip one of the walls of a rich 
and narrow vein, so that it can afterwards be taken down without loss 
or waste. 

Dropper. — A branch which leaves the main lode. 

Driving. — Excavating in a horizontal direction; opposed to sinking or 
excavating in a vertical direction. 

Drift. — Horizontal excavation. i , , 

Dress, -^^To clean the ore by breaking off fragments c>f the gangue from 
the valuable ore. 

J Efvans. — ( C.) — Dikes of granite and feldspar j porphy ritic rocks cutting 
the slates and granites of Cornwall. 

Engine-shaft. — The shaft by which the water is drawn ifrom^the lowest 
portion of the mine. 

Feeder. — A branch falHng into the maii^ <ade. 

FavU. — ^A sudden interruption of the continuity of strata, in. the same 
plane, accompanied by a crack or fissure of a wi^th varying from a mere 
line to several feet, ' . . 

_ jP/u«in»T--Pecompo8e4;. clayey matter,, accompanying the slides and 
cross-courses, and sometimes the lode itself. 

Fhot'waU. — ^The wall on, the lower side pf the lode. 

Gangue. — The non-metal) iferoiis portion of the lode; the mineral 
substances accompanying the ore. 

Oad. — ^A pointed wedge of a peculiar {otm:, having its sides of a paral- 
lel figure. , 

Garkupfer. — (G.J — Refined copper. , - : k , 

Glist. — fCj-TT-Mica, ' 

Good levels. — Nearly horizontal levels^. 
: Gf(M9ancr^xide of irpn, intermixed with qu^irt?, genf^rally Ibund near 
the surface, in the lode or accompanying it. . ^ , 

Gross. — ^The surface; the open air. . .^ .' 

Grwran.-— ("p. j— Decomposed. graiiite* , - 

G^o^Mwrf.r— The rock yrhich is adjacent to the lode; the strata in which 
the lode occurs. . . i . 

Gvlph of ore . — ^A very 1 arge deposit^, of: .^re iji the lod e . 
' . JSapging-weUL — ^The wall or sideetbOfvethQ lode, in contra-distinction 
. to th«i foot-^vall. 

JSe^e^-rThe horizontal dislocation which occurs when One lode is in- 
tersected by another having a different direction. - 
' Bor$$.-t-Th0 dt5ui ground between ftw0 'branehe$ of a lode. . 

Joggling-taUe. — Inclined board, and which is made to move with a 
duddea ajtd quick motion, used in washiiig: the ores. 

Jig, — To separate the ore with a riddle or wife-bottomed sieve, the 
heavier substance sinking to the bottom of the sieve 
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Junction. — Point where two veins, or different roc)cs, unite. 

Keeve, — A large vat. . : 

Kibble. — The bucket in wbich the ore and attle are sfent to the surface. 

JCillds. — (C.) — Clay slate. 
' Kupfer-steiriy (0.) — Reguhls from coppery-lead ores twice roasted. 

Lander, — The man who attends at the mouth of the shaft to rec,eive 
the ores as they are sent to the surface. ' . . ^ 

icacfer.—^A branch of the main vein. 
' Leveb. — Galleries driven on tfielode at various depths, generally at 
intervalsof ten fathoms. 

Lifters. — Wooden beams to which the stamp-heads are festened 
' Lode, — ^Regular vein producing ore. * ' 

Loupe. — (,F.) — Bloom^ from the puddling furnace. 

Matte. — (P.) — ^Regains, melted: snlphuret. 

Mock lead. — Blende, sulphuret of zinc. 

Moor-stone. — (O.) — Granite. . x 

Mundic. — (C.) — ^Iron pyrites. 

Needle. — ^A long, tapering piece of copper Used in tamping the hole for 
blasting, in order to leave a cavity for inserting the safety^fuse. 

Pack. — ^l^o occasion the speedy suhsidence of the ore in the process of 
tossing or chiming, by beating the keevie with a hammer. . ' " ' ^ 

Pair .-TGang, or party of men. 

Parcel. — A heap of ore ready for sale. 

Pass. — An opening left fo* tettiiig dbwn stuff to the level. 

• Peach.— (0.)—Chlonte:: 

Pick. — ^A common instrilm^nt for mining and agricultural purposes. 

PUlar.— A piece of ground left to support the hanging wall. 

Pitman. — One employed to look after the lifts of pumps and tiie drain- 
age. ' ^ 

Pit work. — ^The pumps and other apparatus of the engine.-shaft. 

Point of the horse. — The spot wher6 the lode splits or divides into 'two 
parts. . . ^ 

* Pot grotim. — (G.) — Soft decomposed granite. 

Prian. — ( C.) — Soft, white clay, esteemed in Cornwall a favorable sign, 
when fou»d near -a lode. ' ■ ' 

Rgck. — ^An inclined frame on which ores are washed. 

Riddle. — ^A sieve for washing the ores.- . • 

Rosette. '^( P. )-^\yiiih. of i^fined copper taken off from the surfece by 
throwing on cola water. 

Run of a lode. — Its direction. . ' ^ 

Saalbdnd. — (G.) — Plural sadBUfdery seltages, or thin bands of earthy 
riiatter, generally argillaceous, oneach side of the vein next to the wallrock. 

Sett. —The portion of ground taken on lease for mining purposes; 

Schlich. — (G^.'^-— Finely pulVeri^ed ore tnud. 

Slag. — Silicious substances jfbrmed in the various processies of smelt- 
ing. and refining, principally silicates of the protoxide of iron, alumina^ lime, 
and magnesia^ generally containing a small portion of various metallic 
substances. • ' 

Shaft. — ^A vertical ot inclined ' excavation in the lode or through the 
country. 

Spleissofen. — (Q.) — Copper refining ftirnace with two recteivers for the 
'fused metal. 
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jSSbMr^.—'Appaibtusforibising or lowering heavy articles in the shaft. 
Shelf — ^The solid rock. 

£ri^<Mto^.-*-*Traciag the sitnatton of a lodJe by means 6f th^ loose masses 
of ore and veinstone which have been sepiirated from it and Scattered in 
dts neighborhood. 
' iS%oo^«iigr..^BIa8ting with gunpowder. 

. jSSnAing" .-^Excavating downwards in the shaft. ^ 

Slide. — A vertical dislocation of the lode. • 

jS/icAeymdea.— ^Polished, ar^laceous. surfaces of the rock^ caused by the 
rubhin| and grinding of large masses against e^h other. 

Stomewerk. — (Q.y^ku assemblage of sinaU irr^ular strings of ore, 
which has no regular form like a true vein, but in which the ore seems to 
'haTe been disseminated throng the fismnss in* the rocks . 

Slimes. — Metallic o^s mixed with finely»comlmnutied porjticles of the 
rock. 

Sntdt.-^T^he reduction of meMs from therr" ores by the aid of: heat;^ in 
the wsual metalluigia txeatnient in the laigie) way, is .'called smdEtiag. . 
SbUot. — The small platform at the end of a certaia number of laddetrs. 
Stalling, — Breaking up the rock into small pieces for the purpose of 
separating the ore. 

Stamp. — To break up the^re and gangue by machinery, with the aid 
of wdter,"for the purpose of washing out the heavier metallic particles. 

Stamp-head. — The iron end of the beam which by its weight breaks 
the fragments of ore in the process of stamping. 

St€pe. — To excavate the space between two levels by a succession of 
step-like workings. 

String. — ^A small vein. - . 

Stuff. — Attle, or rubbish. 

Svmp. — The bottom of the engine-shaft, into which the water is allowed 
to run, and from which it is pumped or removed by some other means. 
Tackle. — The windlass, rope, and kibble. . 

Tamping. — The substance with which the hole in blasting is filled af- 
ter the charge of powder has been introduced; also, the process of filling 
the hole is called tamping. 

TTirown. — A lode is ssud to be thrown up or down when it is intersected 
by a slide^by which a portion of the lode has been removed from its ori- 
ginal position to one side or the other. 

Ticketings. — (O.) — The weekly public sales of ore. 
Tribute. — The system of working by tribute is that under which the 
workman receives qi certain proportion of the ore which he raises as a re- 
turn for his labor. ^ 

Trunk. — A long narrow iuclined box, in which the separation of the 
finely- washed ore from the earthy impurities is efiected . 
, Tunnel-head. — The top of a furnace, where the materials are put in. 

Tut'iaork. — Work in which the laborer is paid in proportion to the 
amount done — generally at so much per fathom in driving or sinking. 
Tuyere. — ^Pipe through which the blast is introduced into the furnace. 
Underlie. — The dip or deviation of a vein or bed from the perpen^ 
dicular. * 

Van. — To cleanse a small portioii of ore by washing away the earthy 
matter, by the aid of a shovel or some similar implement. 
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Vem.^The cohtentsr of a fissure in the rocks^ df indefi^te leufgtU ^nd: 
depth. ' ' 

Vug. — ( C j— A cavity in the vein, generally lined with crystals. 

Wa/Z%— The side of the n>cks adjaaent to the vein. 

Washing, — The process of separating the ore from the ^ earthy irtipiiriti 
by the aid of water, the particles .of ore and earthy matter arranging them- 
selves in different positions acdording to their different specific gmvities. 

WMm. — A machine consistifig bf i dnim revolving visrtically by horse , 
steam, or water power/ by which, with the. aid of a rope and pulley, the 
ores 5tre raised from the bottom of the mine. 

Whimshftft. — ^The sh^ through which the oi^is raised by means of a 
whim. . ' 

Whip and derfy.-^The simplest method of raising the kibble by meaub 
of a sing^ puUey; the kibble isiattadhed to «L:ii)pe> which is drawn hy a , 
horse. ^ . ■' • * 

Wirizis^,-^A shaft sunkfromanelevtel to ahotheff, fir vcntillation, or for 
proving the vein. A winze diffeiis &om a shaft in not btiitg oj^en-to* tlie 
smrface, like the latter* 
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